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(57) An ethylene (co)polymer of the present Inven- 
tion Is a (co)polymer with excellent moldabllity and me- 
chanical properties and either an ethylene homopoly- 
mer or a copolymer of ethylene and an a-olefin of 4 to 
20 carbon atoms. The (co)polymer has methyl branches 
measured by 13 C-NMR less than 0.1 in number per 
1 ,000 carbon atoms and Mw/Mn measured by GPC not 
lower than 1 .8 and lower than 4.5. The (co)polymer is 



either an ethylene homopolymer or a copolymer of eth- 
ylene and an a-olefin of 3 to 20 carbon atoms. The melt 
tension (MT) and the swell ratio (SR) satisfy the relation; 
log(MT) > 12.9-7.15 x SR; and the intrinsic viscosity 
(DnD and tne melt flow rate (MFR) satisfy the relation; [r\] 
> 1.85 x MFR-0-192 i n the case of MFR < 1 and the re- 
lation; [y\] > 1.85 X MFR-°-2 1 3 j n the case of MFR £ 1 . 
Such an ethylene (co)polymer can be usable for various 
molding applications and especially suitable for pipes. 
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Description 

Technical Field 

5 [0001] The present invention relates to ethylene (co)polymer and Its use and more particularly, relates to ethylene 
(co)polymer with excellent moldability and mechanical properties and the use of the ethylene (co)polymer. 

Background Art 

10 [0002] Molded products of ethylene (co)polymer such as ethylene homopolymer, ethylene-a-olefin copolymer, and 
the likes are widely used for various kinds of purposes including, for example, blow molding products such as small 
containers, e.g. cosmetic bottles, detergent bottles, etc., middle size containers, e.g. petroleum cans, industrial chem- 
ical cans, etc., large size containers, e.g. automotive fuel tanks, drum cans, etc., molded pipe such as pipes for sew- 
erage systems, pipes for water works, gas pipes, etc., and inflation films to be used for carry bags of supermarkets. 

15 The polymers to be employed as materials for various kinds of such molded products are required to have various 
properties. 

[0003] For example, a blow molding product is produced by extruding a cylindrical melted resin (parison) from circular 
dies, pinching the resultant parison with molds, and blow molding for shaping by blowing compressed air. Generally, 
in the case where a large size container is produced by blow molding, a phenomenon of sagging down of the parison 

20 owing to the self-weight (draw down) may occur or the thickness may become uneven at the time of shaping to result 
in defective shape of the molded products. In order to suppress the draw down, ethylene (co)polymer with a high melt 
tension should be selected. On the other hand, in order to suppress the thickness unevenness of the molded products 
or in order to give good pinch off shape of the molded products, ethylene (co)polymer with high swell ratio should be 
selected. Further, high impact strength or the like is required as the demanded properties of a blow molding product, 

25 and today, toughness improvement is also demanded to improve the economical properties. 

[0004] A molded pipe is required to have excellent pipe fatigue characteristics, mechanical strength, and the likes. 
As a test for pipe fatigue properties, practically a hot inner pressure creep test, a notched tensile creep test, a notched 
tensile fatigue test, etc., are performed and it is desirable for the molded pipe to have excellent properties in any of the 
test. Recently, toughness improvement for improvement of the economical aspects, e.g. thinning of a pipe, is being 

30 demanded and excellent moldability for saving electric power consumption is also demanded. 

[0005] An inflation film is required to have thickness with little unevenness, mechanical strength, and the likes. In 
order to suppress unevenness of the thickness, it is necessary to improve the stability of tubular melted form (a bubble) 
extruded at the time of molding and for that, ethylene (co)polymer with high melt tension should be selected. 
[0006] The inventors of the present invention, in consideration with conventional technology, have studied ethylene 

35 (co)polymers capable of providing molded products with excellent moldability and particularly excellent mechanical 
strength and found that ethylene polymers and copolymers of ethylene and an a-olef in of 4 to 20 carbon atoms scarcely 
containing methyl branches have excellent moldability and that molded products made of these ethylene (co)polymers 
especially have excellent mechanical properties. 

[0007] Further, the following ethylene (co)polymers are found having excellent moldability and molded products of 
40 the ethylene (co)polymers have excellent mechanical properties; ethylene (co)polymers satisfying respectively spec- 
ified relations between the melt tension and the swell ratio and between the intrinsic viscosity and the melt flow rate, 
ethylene (co)polymers satisfying a specified relation of the number average molecular weight, the weight average 
molecular weight and the Z-average molecular weight, and ethylene (co)polymers having at least 2 relative maximum 
values and at least 1 relative minimum value in the molecular weight distribution curve respectively having the intensity 
45 satisfying a specified relation of the intensity of the relative minimum value and the lower intensity of the relative max- 
imum values. 

[0008] Finding that compositions containing such ethylene (co)polymers also have above described properties and 
so do graft-modified ethylene (co)polymers produced by graft modification of such ethylene (co)polymers and compo- 
sitions containing such graft-modified ethylene (co)polymers, the inventors reach the present invention. 

so [0009] The ethylene (co)polymers produced by conventionally known methods using a Ziegler catalyst described in 
Japanese Patent No. 821037, a metallocene catalyst and a chromium catalyst described in Japanese Patent Laid- 
Open No. 9-1 8381 6, a constrained geometric catalyst (CGC) described in WO No. 93/08221 , and a catalyst containing 
Ta, Nb complexes described in Japanese Patent Laid-Open No. 6-233723 as well as the ethylene (co)polymers pro- 
duced by a conventionally known high pressure radical catalyst method contain a relatively large number of methyl 

55 branches In a molecular chain. If methyl branches exist in ethylene (co)polymer, the methyl branches are taken in 
crystals and make the crystals weak and the mechanical strength is, therefore, supposed to be lowered. 
[0010] In the case an ethylene homopolymer or a copolymer of ethylene and an a-olef in is produced by a conven- 
tionally known method using a catalyst such as above described catalysts, the following problems sometimes happen 
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to occur. 

[001 1] In the case of using a Zieglar catalyst, it becomes a problem that the produced ethylene (co)polymer contains 
hard and fragile components since the ethylene (co)polymer scarcely contains a-olefin and that the produced ethylene 
(co)polymer contains soft and weak components since a-olefin is excessively copolymerized. The components pro- 
5 duced by excessive copolymerization of a-olefin may be a cause of sticky properties. 

[0012] In the case of using a metallocene catalyst, it becomes a problem that an ethylene (co)polymer with a re- 
markably high molecular weight is hardly obtained. 

[0013] In the case of using a chromium catalyst, it becomes a problem that the produced ethylene (co)polyrner 
contains branched long chains to result in narrow molecular extension and inferior mechanical strength. Also, in the 
io case of using a chromium catalyst, it becomes a problem that the produced ethylene (co)polymer contains hard and 
fragile components owing to scarce content of a-olefin and that the produced ethylene (co)polymer contains soft and 
weak components owing to excess copolymerization of a-olefin. 

[0014] In the case of using a constrained geometric catalyst : the produced ethylene (co)polymer contains branched 
long chains to result in narrow molecular extension and, therefore, the mechanical strength is low. 
15 [0015] The ethylene (co)polymer produced by a conventionally known high pressure radical catalyst method contains 
branched long chains to result in narrow molecular extension and, therefore, the mechanical strength is low. 
[0016] In the case of using a catalyst containing Ta, Nb complexes, the produced ethylene (co)polymer is a low ratio 
Mw/Mn of the weight average molecular weight (Mw) to the number average molecular weight (Mn) measured by GPC 
as molecular weight distribution indexes, so that the moldability is inferior. 

20 

Disclosure of the Invention 

[001 7] An ethylene (co)polymer (A1 ) of the present invention is an ethylene homopolymer or a copolymer of ethylene 
and an a-olefin of 4 to 20 carbon atoms and is characterized by containing 

25 

(i A1 ) methyl branches less than 0.1 in number per 1,000 carbon atoms measured by 13 C-NMR and having 

(il A1 ) Mw/M n (Mw denotes the weight average molecular weight, M n denotes the number average molecular weight) 

measured by gel permeation chromatography not lower than 1 .8 and lower than 4.5. 

30 [0018] It Is preferable for the ethylene (co)polymer (A1 ) to satisfy at least one of the following requirements (Hi A1 ) to 
(x A1 ) in addition to the above described requirements (i A1 ) and (il A1 ): 

(ill A1 ) the Intrinsic viscosity measured In decalln at 135°C is within a range of 0.2 to 18 dl/g: 
(iv A1 ) the intrinsic viscosity (ft] (dl/g)) and the density (d (g/cm 3 )) satisfy the following relation; d 20.0003 x ftp - 
35 0.0121 x ft] + 0.9874; in the case the intrinsic viscosity measured in decalin at 135°C is 0.3 to 1 .5 dl/g: 

(v A1 ) the intrinsic viscosity (ft] (dl/g)) measured in decalin at 135°C and the melt flow rate (MFR (g/10 minutes) 
measured under 2.1 6 kg load at 1 90°C satisfy the following relations; ft] > 1 .85 x MFR" 0 - 192 in the case of MFR 
< 1 and ft] > 1 .85 x MFR" 0 213 in the case of MFR £ 1: 

(vi A1 ) the components to be eluted at 105°C or higher in a heating elution separation test are 5% by weight or 
40 lower in the case the comonomer content is 1 .5 mole% or higher and the components to be eluted at 1 06°C or 

higher in a heating elution separation test are 8% by weight or lower in the case the comonomer content is less 
than 1.5 mole%: 

(vii A1 ) the amount of the components precipitated when the ethylene (co)polymer is dissolved in p-xylene at 1 30°C 
and then cooled to 75°C to precipitate dissolved components in a poor solvent is 15% by weight or lower based 
45 on the ethylene (co)polymer: 

(viii A1 ) the decane-soluble components (W (% by weight)) at 23°C and the density (d (g/cm 3 )) satisfy the following 
relations; W < 80 x exp(-100 x (d - 0.8B)) + 0.1 in the case MFR 5 1 0 g/10 minutes and W < 80 x (MFR - 9)°- 26 x 
exp(-100 x (d - 0.88)) + 0.1 in the case MFR > 10 g/10 minutes: 

(lx A1 ) the a-olefin content (K (mole%)) and the melting point (Tm (°C)) of the highest peak of an endothermic curve 
so measured by a differential scanning calorimeter satisfy the following relations; Tm £ 135.0 • 10.0K in the case K 

= 0.1 to 1 .5 mole%; Tm ^ 121 .9 - 1 .3K in the case K - 1 .5 to 5.5 mole%; and Tm £ 139.7 - 4.5K in the case K = 
5.5 to 20 mole%: and 

(x A1 ) the number of branches having a length equivalent to that of hexyl or longer measured by 13 C-NMR is less 
than 0.1 per 1 ,000 of carbon atoms. 

55 

[001 9] The ethylene (co)polymer (A1 ) is preferably ethylene-1 -butene copolymer or ethylene-1 -hexene copolymer. 
[0020] The ethylene (co)polymer (A1) is produced by polymerization of solely ethylene or copolymerization of eth- 
ylene and an a-olefin of 4 to 20 carbon atoms in the presence of an olefin polymerization catalyst comprising, for 
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example, (a1) a transition metal compound having the following general formula (I) and, if necessary, (b) at least one 
compound selected from (b-1) an organometallic compound, (b-2) an organoaluminum oxy compound, and (b-3) a 
compound capable of forming ion pairs by reaction on the transition metal compound. 

5 



10 



15 




(I) 

25 

(where, M denotes a transition metal atom selected from the group IV and the group V of the periodic table; m denotes 
1 or 2; R 1 denotes an aliphatic hydrocarbon group of 5 or more carbon atoms in total which may be substituted by 
aromatic hydrocarbon group or alicyclic hydrocarbon group or alicyclic hydrocarbon group of 7 or more carbon atoms 
in total which may be substituted by aromatic hydrocarbon group or aliphatic hydrocarbon group; R 2 to R 5 may be the 

30 same or different to one another and denote hydrogen atom, a hydrocarbon group, hydrocarbon group-substituted 
silyl t an oxygen-containing group, a nitrogen-containing group, or a sulfur-containing group and of which two or more 
group may be bonded to one another to form a ring; R 6 denotes a hydrocarbon group or a hydrocarbon-substituted 
silyl group; in the case m is 2, at least one of the groups denoted as R 2 to R 6 belonging to any one of the ligands may 
be bonded to at least one of the groups denoted as R 2 to R 6 belonging to another ligand; in the case m is 2, respective 

35 Ri, respective R 2 , respective R 3 , respective R 4 , respective R 5 , and respective R 6 may be the same or different to one 
another; n denotes a number satisfying the valence of M; X denotes hydrogen atom, a halogen atom, a hydrocarbon 
group, an oxygen-containing group, a sulfur-containing group, a nitrogen-containing group, a boron -containing group, 
an aluminum-containing group, a phosphorus-containing group, a halogen-containing group, a heterocyclic compound 
residue group, a silicon-containing group, a germanium-containing group, or a tin -containing group; in the case n is 2 

*o or higher, X's may be the 6ame or different to one another and X's may be bonded to one another to form a ring). 

[0021 ] An ethylene (co)polymer (A2) of the present invention is an ethylene homopolymer or a copolymer of ethylene 
and an ot-olefin of 4 to 20 carbon atoms and is characterized by containing 

(»A2) methyl branches less than 0.1 in number per 1,000 carbon atoms measured by 13 C-NMR and having 
45 (H^) Mw/Mn (Mw denotes the weight average molecular weight, Mn denotes the number average molecular weight) 

measured by gel permeation chromatography not lower than 4.5 and not higher than 60. 

[0022] It is preferable for the ethylene (co)polymer (A2) to satisfy at least one of the following requirements (iii^) to 
(xiii A2 ) in addition to the above described requirements (i A2 ) and (li^): 

50 

(HIa2) tne intrinsic viscosity measured in decalin at 135°C is within a range of 0.2 to 18 dl/g: 
(iv^) the intrinsic viscosity ([<nj (dl/g)) measured In decalin at 135°C and the melt flow rate (MFR (g/10 minutes) 
measured under 2.1 6 kg load at 1 90°C satisfy the following relations; [t|] > 1 .85 x MFR* 0 - 192 in the case of MFR 
< 1 and ft] > 1 .85 x MFR" 0 - 213 in the case of MFR £ 1: 
55 (Va2) components having a molecular weight of 500,000 reduced to polyethylene measured by GPC-IR in the 

components eluted at 1 05°C or higher in a heating elution separation test are not more than 5% by weight: 
Ma2) tne components eluted at 1 05°C or higher in a heating elution separation test are not more than 5% by weight 
in the case the comonomer content is 1 .5 mole% or higher and the components eluted at 106°C or higher in a 
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heating elution separation test are 8% by weight or lower in thecase the comonomercontent is less than 1 .5 mole%: 
(vli^) the components having a molecular weight of 10,000 reduced to the polyethylene measured by GPC-IR 
among components precipitated, when dissolving the ethylene (co)polymer in p-xylene at 130°C and cooling to 
75°C, then precipitating the dissolved components in a poor solvent, are 30% by weight or lower: 
5 ( vl[i A2> tne components precipitated, when dissolving the ethylene (co)polymer In p-xylene at 130°C and cooling 

to 75°C, then precipitating the dissolved components in a poor solvent, are 15% or lower in the whole ethylene 
(co)polymer: 

(i*A2) tne components having a molecular weight of 10,000 reduced to the polyethylene measured by GPC-IR 
among components precipitated, when dissolving the ethylene (co)polymer in p-xylene at 130°C and cooling to 
10 75°C, then precipitating the dissolved components in a poor solvent, are 5% or lower in the whole ethylene (co) 

polymer: 

(*A2) the decane-soluble components (W (% by weight)) at 23°C and the density (d (g/cm 3 )) satisfy the following 
relations; W < 80 x exp(-100 x (d - 0.88)) + 0.1 in thecase MFR < 10 g/10 minutes and W < 80 x (MFR - Q^^x 
exp(-100 x (d - 0.88)) + 0.1 in the case MFR > 10 g/10 minutes: 
15 (*i/\2) tne numb er of branches having a length equivalent to that of hexyl or longer measured by 13 C-NMR is less 

than 0.1 per 1 ,000 of carbon atoms: 

(xii^) the ratio Mw/Mn of the weight average molecular weight (Mw) and the number average molecular weight 
(Mn), calculated from the logarithmic normal distribution produced by distributing molecular weight distribution 
curves measured by gel permeation chromatography to two same logarithmic normal distribution curves, is within 
20 a range of 3 to 8: and 

(xiii A2 ) there exist components to be eluted at 109°C or higher in a heating elution separation test and the intrinsic 
viscosity {[r\] (dl/g)) measured at 1 35°C in decalin and the density (d (g/cm 3 )) of the components satisfy the following 
relation; d £0.0003 x ftp - 0.0121 X [r\] + 0.9874. 

25 [0023] The ethylene (co)polymer (A2) is preferably a copolymer of ethylene and 1 -butene or a copolymer of ethylene 
and 1-hexene. 

[0024] The ethylene (co)polymer (A2) includes one which comprises 

(A2-1) either ethylene homopolymer or a copolymer of ethylene and an a-olefin of 4 to 20 carbon atoms having 
30 (U2-1) tne intrinsic viscosity ([ti] A2 . 1 ) measured in decalin at 135"C within a range of 0,3 to 2.5 dl/g, 

( ji A2-i) tne number of methyl branches measured by 13 C-NMR less than 0.1 per 1 ,000 of carbon atoms, and 
('"A2-1) Mw/Mn (Mw denotes the weight average molecular weight, Mn denotes the number average molecular 
weight) measured by gel permeation chromatography within a range of 3 to 8; and 

(A2-2) either ethylene homopolymer or a copolymer of ethylene and an a-olefin of 4 to 20 carbon atoms having 
35 ( j A2-2) tne intrinsic viscosity ([Tj]^^) measured in decalin at 135°C within a range of 2.0 to 20 dl/g and 

(N/\2-2) tne number of methyl branches measured by 13 C-NMR less than 0.1 per 1 ,000 of carbon atoms, and has 
a relation the intrinsic viscosity (h]A2-i) °f tne above described ethylene (co)polymer (A2-1) and the intrinsic vis- 
cosity ([T11A2-2) of the above described ethylene (co)polymer (A2-2) satisfying MA2-1 < WA2-2' an d contains 10 to 
90 parts by weight of the above described ethylene (co)polymer (A2-1 ) and 1 0 to 90 parts by weight of the above 
40 described ethylene (co)polymer (A2-2) (wherein (A2-1) + (A2-2) = 100 parts by weight). 

[0025] It is preferable for the ethylene (co)polymer (A2-1) to satisfy the following relation between the intrinsic vis- 
cosity ([ti] (dl/g)) and the density (d (g/cm 3 )) ; d £0.0003 x [t|]2 - o.01 21 x ft] + 0.9874; in the case the intrinsic viscosity 
measured in decalin at 135°C is 0.3 to 1 .5 dl/g. 
« [0026] An ethylene (co)polymer (A3) of the present invention is an ethylene homopolymer or a copolymer of ethylene 
and an a-olefin of 3 to 20 carbon atoms and is characterized by having 

(i A3 ) the melt tension (MT (g) ) at 1 90°C and the swell ratio (SR) calculated from the strand diameter extruded at 
190°C satisfying the following relation; log(MT) > 12.9 - 7.15XSR; and 
so (H^) the intrinsic viscosity ([t\] (dl/g)) measured In decalin at 135°C and the melt flow rate (MFR (g/10 minutes) 

measured under 2.16 kg load at 190*C satisfying the following relations; ft] > 1.85 x MFR* 0192 in the case of 
MFR < 1 and ft] > 1 .85 x MFR-0-213 jn the case of MFR ^ 1 . 

[0027] It is preferable for the ethylene (co)polymer (A3) to satisfy at least one of the following requirements (iii^) to 
55 . ( Va3 ) In addition to the above described requirements (i^) and (ii A3 ): 

(iii A3 ) the weight average molecular weight (Mw) measured by gel permeation chromatography and the swell ratio 
(SR) calculated from the strand diameter extruded at 190°C satisfy the following relation; SR > 4.55 - 0.56 x log 
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(Mw): 

(iv A3 ) the number average molecular weight (Mn), the weight average molecular weight (Mw) and the Z average 
molecular weight (Mz) measured by gel permeation chromatography satisfy the following relations; Mz/Mw 2: 7/(1 
- 5.5/(Mw/Mn)) and Mw/Mn >5.5: and 
5 (Vfla) the number of the vinyl groups at the molecular terminals, calculated by conversion to that per one molecular 

chain having the same molecular weight as the number average molecular weight, is 0.50 or higher. 

[0028] The ethylene (co)polymer (A3) is preferably an ethylene homopolymer or a copolymer of ethylene and an a- 
olefin of 4 to 20 carbon atoms and is the number of methyl branches measured by 13 C-NMR less than 0.1 per 1 ,000 
10 of carbon atoms. 

[0029] An ethylene (co)polymer (A4) of the present invention is an ethylene homopolymer or a copolymer of ethylene 
and an a-olefin of 3 to 20 carbon atoms and is characterized by having 

(i A4 ) the number average molecular weight (Mn) ( the weight average molecular weight (Mw), and the Z average 
15 molecular weight (Mz) measured by gel permeation chromatography satisfying the following relation; 

Mz/Mw > 4/(0.5 - 4.50/((Mw/Mn) - 0.2)) and Mw/Mn > 9.2. 

[0030] It is preferable for the ethylene (co)polymer (A4) to satisfy the following requirements (iii A4 ) and (iv A4 ) or to 
satisfy the following requirements (ii A4 ) and (iv A4 ) in addition to the above described requirements (i A4 ) : 

20 

(\\ M ) the weight average molecular weight (Mw) measured by gel permeation chromatography and the swell ratio 
(SR) calculated from the strand diameter extruded at 190°C satisfy the following relation; SR > 4.55 - 0.56 x log 
(Mw): 

(iii A4 ) the melt tension (MT (g)) at 190°C and the swell ratio (SR) calculated from the strand diameter extruded at 
25 190°C satisfy the following relation; log(MT) > 12.9 - 7.15xSR; and 

(iv A4 ) the intrinsic viscosity (to] (dl/g)) measured in decalin at 135°C and the melt flow rate (MFR (g/10 minutes) 
measured under 2.1 6 kg load at 1 90°C satisfy the following relations; fa] > 1 .85 x MFR -0 - 192 in the case of MFR 

< 1 and ft] > 1 .85 x MFR" 0 - 213 in the case of MFR 2: 1 . 

30 [0031] The ethylene (co)polymer (A4) preferably satisfies the following requirement (v M ) in addition to the above 
described requirements. 

[0032] (v M ) the number of the vinyl groups at the molecular terminals, calculated by conversion to that per one 
molecular chain having the same molecular weight as the number average molecular weight, is 0.50 or higher. 
[0033] The ethylene (co)polymer (A4) is preferably an ethylene homopolymer or a copolymer of ethylene and an a- 
35 olefin of 4 to 20 carbon atoms and is the number of methyl branches measured by 13 C-NMR less than 0.1 per 1 ,000 
of carbon atoms. 

[0034] An ethylene (co)polymer (A5) of the present invention Is an ethylene homopolymer or a copolymer of ethylene 
and an a-olefin of 3 to 20 carbon atoms and is characterized by having 

[0035] (i A5 ) at least 2 relative maximum values and at least 1 relative minimum value in the molecular weight distri- 
40 butlon curve measured by gel permeation chromatography and the intensity (W^) of the relative minimum value and 
the lower intensity (W 2 ) of the relative maximum values having the relative minimum value between them satisfying; 
W 1 /W 2 <0.85. 

[0036] The ethylene (co)polymer (AS) is preferable to satisfy the following requirements (iii A3 ) and (vi A3 ) or to satisfy 
the following requirements (ii A5 ) and (vi A5 ) in addition to the above described requirements (i A5 ) : 

45 

(Was) the weight average molecular weight (Mw) measured by gel permeation chromatography and the swell ratio 
(SR) calculated from the strand diameter extruded at 190°C satisfy the following relation; SR > 4.55 - 0.56 x log 
(Mw): 

(iii A5 ) the melt tension (MT (g)) at 190°C and the swell ratio (SR) calculated from the strand diameter extruded at 
50 190°C satisfy the following relation; log(MT) > 12.9 - 7.15xSR; and 

(vi A5 ) the intrinsic viscosity (to] (dl/g)) measured in decalin at 135°C and the melt flow rate (MFR (g/10 minutes) 
measured under 2.16 kg load at 190°C satisfy the following relations; to] > 1 .85 x MFR" 0 - 192 in the case of MFR 

< 1 and to] > 1 .85 x MFR -0 - 213 in the case of MFR £ 1. 

55 [0037] The ethylene (co)polymer (A5) preferably satisfies the following requirement (v^) in addition to the above 
described requirements. 

[0038] (v A5 ) the number of the vinyl groups at the molecular terminals, calculated by conversion to that per one 
molecular chain having the same molecular weight as the number average molecular weight, is 0.50 or higher. 
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[0039] The ethylene (co)polymer (A5) is preferably an ethylene homopolymer or a copolymer of ethylene and an a- 
olefin of 4 to 20 carbon atoms and is the number of methyl branches measured by 13 C-NMR less than 0.1 per 1 ,000 
of carbon atoms, 

[0040] The ethylene (co)polymers (A1) to (A5) have excellent moldabllity and excellent mechanical strength. 
s [0041 ] An ethylene (co)polymer composition (C 1 -1 ) of the present invention Is characterized by comprising the above 
described ethylene (co)polymer (A1) and an un-modified other polymer (B1). 

[0042] The above described polymer (B1 ) is preferably an ethylene (co)polymer (B1 -1 ) other than the ethylene (co) 
polymer (A1). 

[0043] An ethylene (co)polymer composition (C2-1 ) of the present invention is characterized by comprising the above 
10 described ethylene (co)polymer (A2) and an un-modified other polymer (B2). 

[0044] The above described polymer (B2) is preferably an ethylene (co)polymer (B2-1 ) other than the ethylene (co) 
polymer (A2). 

[0045] An ethylene (co)polymer composition (C3-1 ) of the present invention is characterized by comprising the above 
described ethylene (co)polymer (A3) and an un-modified other polymer (B3). 
15 [0046] The above described polymer (B3) is preferably an ethylene (co)polymer (B3-1 ) other than the ethylene (co) 
polymer (A3). 

[0047] An ethylene (co)polymer composition (C4-1 ) of the present invention is characterized by comprising the above 
described ethylene (co)polymer (A4) and an un-modified other polymer (B4). 

[0048] The above described polymer (B4) is preferably an ethylene (co)poiymer (B4-1 ) other than the ethylene (co) 
20 polymer (A4). 

[0049] An ethylene (co)polymer composition (C5-1 ) of the present invention is characterized by comprising the above 
described ethylene (co)poiymer (A5) and an un-modified other polymer (B5). 

[0050] The above described polymer (B5) is preferably an ethylene (co)polymer (B5-1 ) other than the ethylene (co) 
polymer (A5). 

25 [0051 ] The ethylene (co)polymer compositions (C1 -1 ) to (C5-1 ) have excellent moldability and excellent mechanical 
strength. 

[0052] A molded product of the present invention is characterized by being made of a polymer or a composition 
selected from the above described ethylene (co)polymers (A1) to (A5) or the above described ethylene (co)polymer 
compositions (C1 -1 ) to (C5-1 ). 

30 [0053] Examples of the molded products are; a product by blow molding, a product by tubular film process, a product 
by casting, a product by extrusion lamination molding, a product by extrusion molding, a product by foaming, and a 
product by injection molding. 

[0054] As the molded product, a product by blow molding, a product by extrusion molding, a product by foaming, 
and a product by injection molding are preferable and among them, a pipe is especially preferable. 

35 [0055] A molded product made of polymers or compositions selected from the ethylene (co)polymers (A1) to (A5) 
and the ethylene (co)polymer compositions (C1 -1 ) to (C5-1 ) is excellent moldability and excellent mechanical strength . 
[0056] A graft-modified ethylene (co)polymer (A1 -1) of the present invention is characterized by being produced by 
graft-modification of the above described ethylene (co)polymer (A1) having a polar group-containing monomer, 
[0057] A graft-modified ethylene (co)polymer (A2-1) of the present invention is characterized by being produced by 

40 graft-modification of the above described ethylene (co)polymer (A2) having a polar group-containing monomer. 

[0058] A graft-modified ethylene (co)polymer (A3-1) of the present invention is characterized by being produced by 
graft-modification of the above described ethylene (co)polymer (A3) having a polar group-containing monomer. 
[0059] A graft-modified ethylene (co)polymer (A4-1) of the present invention is characterized by being produced by 
graft-modification of the above described ethylene (co)polymer (A4) having a polar group-containing monomer. 

45 [0060] A graft-modified ethylene (co)polymer (A5-1 ) of the present invention is characterized by being produced by 
graft-modification of the above described ethylene (co)polymer (A5) having a polar group-containing monomer. 
[0061] The graft-modified ethylene (co)polymers (A1 -1) to (A5-1) have high adhesion strength to a material with high 
polarity, excellent mechanical strength, and excellent moldability in various forming and molding methods. 
[0062] A graft-modified ethylene (co)polymer composition (C1-2) of the present invention is characterized by com- 

so prising the above described graft-modified ethylene (co)polymer (A1-1 ) and another un-modified polymer (D1). 
[0063] The un-modified polymer (D1) is preferably an ethylene (co)polymer (D1-1). 

[0064] A graft-modified ethylene (co)polymer composition (C2-2) of the present invention is characterized by com- 
prising the above described graft-modified ethylene (co)polymer (A2-1) and another un-modified polymer (D2). 
[0065] The un-modified polymer (D2) is preferably an ethylene (co)polymer (D2-1). 
55 [0066] A graft-modified ethylene (co)polymer composition (C3-2) of the present invention is characterized by com- 
prising the above described graft-modified ethylene (co)polymer (A3-1) and another un-modified polymer (D3). 
[0067] The un-modified polymer (D3) is preferably an ethylene (co)polymer (D3-1). 

[0068] A graft-modified ethylene (co)polymer composition (C4-2) of the present invention is characterized by com- 
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prising the above described graft-modified ethylene (co)polymer (A4-1) and another un-modified polymer (04). 
[0069] The un-modified polymer (D4) is preferably an ethylene (co)polymer (D4-1). 

[0070] A graft-modified ethylene (co)polymer composition (C5-2) of the present invention is characterized by com- 
prising the above described graft-modified ethylene (co)polymer (A5-1) and another un-modified polymer (D5). 
5 [0071] The un-modified polymer (D5) is preferably an ethylene (co)polymer (D5-1 ). 

[0072] The graft-modified ethylene (co)polymer compositions (C1-2) to (C5-2) have high adhesion strength to a 
material with high polarity, excellent mechanical strength, and excellent moldability in various forming and molding 
methods. 

[0073] An ethylene (co)polymer composition (C1 -3) of the present invention is characterized by comprising the above 
10 described ethylene (co)polymer (A1) and a graft-modified ethylene (co)polymer (E1). 

[0074] An ethylene (co)polymer composition (C2-3) of the present invention is characterized by comprising the above 
described ethylene (co)polymer (A2) and a graft-modified ethylene (co)polymer (E2). 

[0075] An ethylene (co)polymer composition (C3-3) of the present invention is characterized by comprising the above 
described ethylene (co)polymer (A3) and a graft-modified ethylene (co)polymer (E3). 
15 [0076] An ethylene (co)polymer composition (C4-3) of the present invention is characterized by comprising the above 
described ethylene (co)polymer (A4) and a graft-modified ethylene (co)polymer (E4). 

[0077] An ethylene (co)polymer composition (C5-3) of the present invention is characterized by comprising the above 
described ethylene (co)polymer (A5) and a graft-modified ethylene (co)polymer (E5). 

[0078] The ethylene (co)polymer compositions (C1-3) to (C5-3) have high adhesion strength to a material with high 
20 polarity, excellent mechanical strength, and excellent moldability in various forming and molding methods. 

Best Mode for Carrying Out the Invention 

[0079] The ethylene (co)polymers of the present invention and their utilization will particularly be described below. 

25 

Ethylene (co)polymer (A1) 

[0080] An ethylene (co)polymer (A1 ) of the present invention is an ethylene homopolymer or a random copolymer 
of ethylene and an a-olefin of 4 to 20 carbon atoms. 
30 [0081] The a-olefin of 4 to 20 carbon atoms may be, for example, a straight chain or branched a-olefin of 4 to 20 
carbon atoms such as 1-butene, 1-pentene, 3-methyM -butene, 1-hexene, 4-methyl-1 -pentene, 3-methyl-1-pentene, 

1- octene, 1-decene, 1-dodecene, 1 -tetradecene, 1-hexadecene, 1-octadecene, and 1 -eicocene; and a cyclic olefin of 
4 to 20 carbon atoms such as cyclopentene, cycloheptene, norbornene, 5-methyl-2-norbornene, tetracyclododecene, 

2- methyl-1,4,5,8-dimethano-1 ,2,3,4,4a,5,8,8a-octahydronaphthalene. Among them, 1-butene and 1-hexene are pref- 
35 erable. 

[0082] The ethylene (co)polymer (A1) contains normally 50 to 1 00% by weight, preferably 55 to 100% by weight, 
further preferably 65 to 100% by weight, and most preferably 70 to 100% by weight of a repeated unit derived from 
ethylene and 0 to 50% by weight, preferably 0 to 45% by weight, further preferably 0 to 35% by weight, and most 
preferably 0 to 30% by weight of a repeated unit derived from a-olefin of 4 to 20 carbon atoms. 
40 [0083] The ethylene (co)polymer (A1) is 

(i A1 ) methyl branches less than 0.1, preferably less than 0.08, in number per 1,000 carbon atoms measured 
by 13 C-NMR. 

[0084] Since such a polymer has a tough crystal structure, the polymer has excellent mechanical strength. 
[0085] The ethylene (co)polymer (A1 ) is 
45 (ii A1 ) Mw/Mn (Mw denotes the weight average molecular weight, Mn denotes the number average molecular 

weight) measured by gel permeation chromatography (GPC) not lower than 1 .8 and lower than 4.5, preferably not 
lower than 2.0 and lower than 4.0. 

[0086] An ethylene (co)polymer having the Mw/Mn within the above described ranges is well balanced moldability 
and mechanical strength. 

so [0087] The ethylene (co)polymer (A1 ) Is further preferable to have Mz/Mw (Mz denotes Z average molecular weight) 
measured by GPC not higher than Mw/Mn. 

[0088] It is preferable for the ethylene (co)polymer (A1 ) to satisfy at least one of the following requirements (iii A1 ) to 
(x A1 ) In addition to the above described requirements (l A1 ) and (li A1 ). 

[0089] (iii A1 ) the intrinsic viscosity measured in decalin at 135°C is within a range of 0.2 to 18 dl/g, preferably 0.5 to 
55 15 dl/g, further preferably 0.8 to 1 0 dl/g, furthermore preferably 1 .0 to 8 dl/g, and most preferably 1 .7 to 7.5 dl/g. 

[0090] An ethylene (co)polymer having the intrinsic viscosity lower than the above described ranges is insufficient 
strength since the crystal is weak and an ethylene (co)poiymer having the intrinsic viscosity higher than the above 
described ranges is sometimes provided with insufficient rigidity or sometimes becomes difficult to be molded. 
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[0091] (iv A1 ) The intrinsic viscosity (ft] (dl/g)) and the density (d (g/cm 3 )) satisfy the relation; d 20.0003 x ft] 2 - 
0.0121 x ft] + 0.9874, preferably d £0.0010 x ft] 2 - 0.0145 x ft] + 0.9900; in the case the intrinsic viscosity measured 
in decalin at 135°C is 0.3 to 1 .5 dl/g, preferably 0.4 to 1 .0 dl/g, and further preferably 0.5 to 0.9 dl/g. 
[0092] An ethylene (co)polymer having the intrinsic viscosity and the density satisfying the above described relation 

s is especially excellent In rigidity. 

[0093] (v A1 ) The intrinsic viscosity (ft) (dl/g)) measured in decalin at 1 35°C and the melt flow rate (M FR (g/1 0 minutes) 
measured under 2.16 kg load at 190°C satisfy the relations; ft] > 1 .85 x MFR" 0 - 192 , preferably ft] > 1 .95 x MFR* 0 - 192 , 
in the case of MFR < 1 and ft] > 1 .85 x MFR" 0 - 213 , preferably ft] > 1 .95 x MFR" 0 - 213 , In the case of MFR 2: 1 . 
[0094] An ethylene (co)polymer having the intrinsic viscosity and MFR satisfying the above described relations is 

10 characterized by, for example, excellent mechanical strength of a molded product. 

[0095] (vi A1 ) The components to be eluted at 105°C or higher in a heating elution separation test are normally 5% 
by weight or lower, preferably 4% by weight or lower, in the case the comonomer content is 1 .5 mole% or higher and 
the components to be eluted at 1 06°C or higher in a heating elution separation test are normally 8% by weight or lower, 
preferably 7% by weight or lower, in the case the comonomer content is less than 1 .5 mole%, preferably not less than 

15 0.4 mole% and less than 1 .5 mole%. 

[0096] An ethylene (co)poiymer satisfying the above described requirements contains a few ethylene homopolymer 
components and is excellent mechanical strength. 

[0097] (vii A1 ) The components precipitated, when the ethylene (co)polymer is dissolved in p-xylene at 130°C and 
then cooled to 75°C to precipitate dissolved components in a poor solvent, is 15% by weight or tower based on the 
20 ethylene (co)polymer. It is preferable to satisfy the above described requirement in the case the comonomer content 
of the ethylene (co)polymer is 0.8 to 2.0 mole%. 

[0098] The ethylene (co)polymer (A1 ) satisfying the above described requirements contains a few components hav- 
ing a large quantity of comonomers and is excellent mechanical strength. 

[0099] (viii A1 ) The decane-soluble components (W (% by weight)) at 23°C and the density (d (g/cm 3 )) satisfy the 
25 following relations; W < 80 x exp(-100 x (d - 0.88)) + 0.1 , preferably W < 60 x exp(-100 X (d - 0.88)) + 0.1 , In the 
case MFR <> 10 g/10 minutes and W < 80 x (MFR - 9)°- 26 x exp(-100 x (d - 0.88)) + 0.1 in the case MFR > 10 g/10 
minutes. 

[0100] The ethylene (co)polymer satisfying the above described requirements is excellent mechanical strength and 
is scarcely sticky. 

30 [0101] (ix A1 ) The a-olefin content (K (mole%)) and the melting point (Tm (°C)) of the highest peak of an endothermic 
curve measured by a differential scanning calorimeter satisfy the following relations; Tm £ 135.0 - 10.0K, preferably 
Tm £ 135.0 - 1 0.7K, In the case K = 0.1 to 1 .5 mole%; Tm £ 121 .9 - 1 .3K, preferably Tm s 120.5 - K in the case K = 
1.5 to 5.5 mole%; and Tm £ 139.7 - 4.5K, preferably Tm <, 145.3 - 5.5K, in the case K = 5.5 to 20 mole%. 
[0102] The ethylene (co)polymer satisfying the above described requirements Is a narrow composition distribution 

35 and is excellent in mechanical strength, heat seal property, and the likes. 

[0103] (x A1 ) The number of branches having a length equivalent to that of hexyl or longer measured by 13 C-NMR is 
less than 0.1 , preferably less than 0.03, per 1 ,000 of carbon atoms. 

[0104] In the case long chain branches exist, the branches are detected as hexyl or higher groups and in that case, 
the mechanical strength is lowered. The ethylene (co)polymer satisfying the above described requirements, therefore, 
40 is excellent in mechanical strength. 

[0105] The methods for measuring above described respective physical properties will be described later. 

Production method of the ethylene (co)porymer (A1 ) 

45 [0106] The above described ethylene (co)polymer (A1 ) can be produced by polymerizing solely ethylene or copoly- 
merizing ethylene and an a-olefin of 4 to 20 carbon atoms in the presence of, for example, an olefin polymerization 
catalyst described below. 

[0107] The word, 'polymerization', appearing in the present detailed description may be used for meaning not only 
homopolymerlzation but also copolymerization. 
so [0108] An olefin polymerization catalyst to be employed for an ethylene (co)polymer (A1) of the present invention 
comprises 

(a1) a transition metal compound having a general formula (I) described below and, if necessary, 
(b) at least one of compounds selected from 
55 (b-1) an organometallic compound, 

(b-2) an organoalumlnum oxy compound, and 

(b-3) a compound capable of forming ion pairs by reaction on the transition metal compound. 
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[0109] The respective catalyst components constituting such an olefin polymerization catalyst will be described be- 
low. 

(a1) a transition metal compound 

5 

[0110] The transition metal compound (a1) is described as the general formula (I) below. 
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25 (I) 

Where, M denotes a transition metal atom selected from the group IV and the group V of the periodic table and par- 
ticularly titanium, zirconium, hafnium, vanadium, niobium, tantalum, and so forth, preferably titanium, zirconium, and 
hafnium, and especially preferably zirconium. 

30 [0111] N ... M generally means coordination and in the present invention, it does not necessarily mean coordination. 
[0112] R 1 denotes an aliphatic hydrocarbon group of 5 or more carbon atoms in total, preferably 5 to 30 carbon 
atoms, which may be substituted by an aromatic hydrocarbon group or alicyclic hydrocarbon group or denotes an 
allcyclic hydrocarbon group of 7 or more carbon atoms In total, preferably 7 to 30 carbon atoms, which may be sub- 
stituted by aromatic hydrocarbon group or alicyclic hydrocarbon group. 

35 [01 1 3] Examples of the aliphatic hydrocarbon groups are those having 1 to 30 carbon atoms, preferably those having 
4 to 30 carbon atoms, and more preferably those having 5 to 30 carbon atoms. 

[01 14] In more detail, preferable are methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl, n-pentyl, 
tert-amyl, 1 ,2-dimethylpropyl, 1-ethylpropyl, isoamyl, 1-methylbutyl, 2-methylbutyl, neopentyl, n-hexyl, 1 ,3-dlmethyl- 
butyl, 3,3-dimethylbutyl, n-heptyl, 1 -ethylpenty, 1 -methylhexyl, n-octyl, 1 ,5-d i methyl hexy 1, 2-ethylhexyl, 1 -methylheptyl, 

40 tert-octyl, n-nonyl, n-decyl, n-undecyl, n-dodecyl, n-tridecyl, n-tetradecyl, n-petntadecyl, n-hexadecyl, n-heptadecyl, 
and n-octadecyl. Of these, especially preferable are n-pentyl, tert-amyl, 1 ,2-dlmethylpropyl, 1-ethylpropyl, isoamyl, 
1-methylbutyl, 2-methylbutyl, neopentyl, n-hexyl, 1 ,3-dimethylbutyl, 3,3-dimethylbuty, n-heptyl, 1-ethylpentyl, 1 -meth- 
ylhexyl, n-octyl, 1,5-dimethylhexyl, 2-ethylhexyl, 1 -methylheptyl, tert-octyl, n-nonyl, n-decyl, n-undecyl, n-dodcyl, n- 
tridecyl, n-tetradecyl, n-pentadecyl, n-hexadecyl, n-heptadecyl and n-octadecyl. 

45 [01 1 5] The aliphatic hydrocarbon groups may be substituted by aromatic hydrocarbon groups or alicyclic hydrocarbon 
groups. 

[01 1 6] Examples of the aliphatic hydrocarbon groups substituted by aromatic hydrocarbon groups or alicyclic carbon 
groups Include groups having 4 to 30 carbon atoms, such as benzyl, methylenenaphthyl, metylenefluorenyl, methyle- 
neanthranyl, methylenecyclopropyl, methylenecyclobutyl, methylenecyclopentyl, methylenecyclohexyl, methylene- 

50 2-methylcyclohexyl, methylene-2,3-dlmethylcyclohexyl, methylene-2,2-dimethylcyclohexyl, methylene-2,6-dimethyl- 
cyclohexyl, methylene-2,2,6 1 6-tetramethylcyclohexyl l m ethyl en eadamantyl, methylenecyclopropylmethyl, methylene- 
cyclobutylmethyl and methylenecyclopenty [methyl. Among these, preferably used are groups having 5 to 30 carbon 
atoms, such as benzyl, methylenenaphthyl, methylenefluorenyl, methyleneanthranyl, methylenecyclobuty, methylene- 
cyclopentyl, methylenecyclohexyl, methylene-2-methylcyclohexyl, methylene-2,3-dimethy!cyclohexyl, methylene- 

ss 2,2-dimethylcyclohexyl, methylene-2,6-dlmethylcyclohexyl, methylene-2,2,6,6-tetramethytcyclohexyl, methyleneada- 
mantyl, methylenecyclopropylmethyl, methylenecyclobutylmethyl and methylenecyclopentylmethyl. 
[0117] The alicyclic hydrocarbon groups include, for example, groups having 3 to 30 carbon atoms, and groups 
having 7 to 30 carbon atoms are preferable; in more detail, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, adamantyl 
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and norbornyl. 

[01 18] The alicyclic hydrocarbon groups may contain aromatic hydrocarbon groups or alicyclic hydrocarbon groups 
as substituents. Examples of the alicyclic hydrocarbon groups having aromatic hydrocabon groups or alicyclic hydro- 
cabon groups as substituents include groups having 7 to 30 carbon atoms, such as 2-methylcyclohexyl, 2,3-dimethyl- 

5 cyclohexyl, 2,2-dimethylcyclohexyl, 2,6-dlmethylcyclohexyl, 2,2,6,6-tetramethylcyclohexyl, cyclopropyimethyl, cy- 
clobutylmethyl, cyclpentylmethyl, cyclopropylphenyl, cyclobutylphenyl, cyclpentylphenyl and cyclohexylphenyl. 
[0119] The aliphatic hydrocarbon group in the definition of R 1 means the carbon atom directly bonded to nitrogen of 
the above described general formula (I) is a constituent of an aliphatic skeleton even in the case the group have 
aromatic hydrocarbon group or alicyclic hydrocarbon group substitutents and the alicyclic hydrocarbon group in the 

10 definition means the carbon atom directly bonded to nitrogen of the above described general formula (I) is a constituent 
of an alicyclic skeleton even in the case the group have aromatic hydrocarbon group or aliphatic hydrocarbon group 
substitutents. 

[0120] R 2 to R 5 may be the same or different to one another and denote hydrogen atom, a hydrocarbon group, 
hydrocarbon group-substituted silyl, an oxygen-containing group, a nitrogen-containing group, or a sulfur-containing 
15 group. 

[0121] As the hydrocarbon group, the following are exampls; a straight chain or branched alkyl group of 1 to 30, 
preferably 1 to 20 carbon atoms such as methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl, neo- 
pentyl, n-hexyl, or the like; a straight chain or branched alkenyl group of 2 to 30, preferably 2 to 20 carbon atoms such 
as vinyl, allyl, isopropenyl, or the like; a straight chain or branched alkynyl group of 2 to 30, preferably 2 to 20 carbon 

20 atoms such as ethynyl, propargyl, or the like: a cyclic saturated hydrocarbon group of 3 to 30, preferably 3 to 20 carbon 
atoms such as cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, adamantyl, or the like; a cyclic unsaturated hydrocarbon 
group of 5 to 30 carbon atoms such as cyclopentadienyl, indenyl, fluorenyl, orthe like; an aryl group of 6 to 30, preferably 
6 to 20 carbon atoms such as phenyl, benzyl, naphthyl, biphenylyl, terphenylyl, phenanthryl, anthryl, or the like; and 
an alkyl-substituted aryl group such as tolyl, iso-propylphenyl, tert-butylphenyl, dimethylphenyl, di-tert-butylphenyl, or 

25 the like. 

[0122] The above described hydrocarbon groups may be substituted by halogens and as a halogen-substituted 
hydrocarbon group, a halogenated hydrocarbon group of 1 to 30, preferably 1 to 20 carbon atoms such as trlfluorome- 
thyl, pentafluorophenyl, chlorophenyl, or the like is an example. 

[0123] Further, the above described hydrocarbon groups may have other hydrocarbon group substituents and ex- 
30 amples of the hydrocarbon group substituted hydrocarbon groups are aryl-substituted alkyl groups such as benzyl, 
cumyi, orthe like. 

[0124] Among them, the following are especially preferable; a straight chain or branched alkyl group of 1 to 30, 
preferably 1 to 20 carbon atoms such as methyl, ethyl, n-propyl, Isopropyl, n-butyl, Isobutyl, sec-butyl, tert-butyl, neo- 
pentyl, n-hexyl, orthe like; an aryl group of 6 to 30, preferably 6 to 20 carbon atoms such as phenyl, naphthyl, biphenylyl, 
35 terphenylyl, phenanthryl, anthryl, orthe like; and a substituted aryl group of these aryl groups having 1 to 5 substituents 
such as halogen atoms, alkyl groups of 1 to 30, preferably 1 to 20 cartoon atoms, alkoxyl groups of 1 to 30, preferably 
1 to 20 carbon atoms, aryl groups of 6 to 30, preferably 6 to 20 carbon atoms, and aryloxy groups of 6 to 30, preferably 
6 to 20 carbon atoms. 

[0125] As the hydrocarbon -substituted silyl group, the following are examples; hydrocarbon -substituted silyl groups 

40 such as methylsilyl, dimethylsilyl, trimethylsilyl, ethylsilyl, diethylsilyl, triethylsilyl, tripropylsllyl, tricyclohexylsilyl, phe- 
nylsilyl, dlphenylsilyl, triphenylsilyl, dimethyl-tert-butylsilyl, dimethylphenylsilyl, methyldiphenylsilyl, tritolylsilyl, trinaph- 
thylsifyl, dimethyl(pentafluorophenyi)silyl. Among them, methylsilyl, dimethylsilyl, trimethylsilyl, ethylsilyl, diethylsilyl, 
triethylsilyl, dimethylphenylsilyl, and triphenylsilyl are preferable, and trimethylsilyl, triethylsilyl, triphenylsilyl, and 
dimethylphenylsilyl are especially preferable. 

45 [01 26] The oxygen-containing group is a group containing 1 to 5 oxygen atoms in the group. Examples of the oxygen- 
containing groups are; hydroxy! group, alkoxyl group, aryloxyl group, arylalkoxyl group, acetoxyl group, carbonyl group, 
ester group, ether group, acyl group, carboxyl group, carbonato group, peroxy group, carboxylic anhydride group, and 
the likes and hydroxy group, alkoxy group, aryloxy group, arylaikoxy group, acetoxy group, carbonyl group, are pref- 
erable. As a preferable oxygen-containing group, the following are examples; hydroxyl; alkoxyl group such as methoxyl, 

50 ethoxyl, n-propoxyl, isopropoxyl, n-butoxyl, isobutoxyl, tert-butoxyl, and the likes; aryloxyl group such as phenoxyl, 
methylphenoxyl, 2, 6-dimethylphenoxyl, 2,4,6-trimethylphenoxyl, naphthoxyl, and the likes; arylalkoxyl group such as 
phenylmethoxyl, phenylethoxyl, and the likes; acetoxyl; carbonyl; and the likes. In the case the oxygen-containing 
group contains carbon atoms, the number of carbon atoms is preferably within 1 to 30, more preferably within 1 to 20. 
[0127] The nitrogen-containing group is a group containing 1 to 5 nitrogen atoms in the group. Examples of the 

55 nitrogen-containing groups are; amino group, imino group, amido group, imido group, nltro group, hydrazino group, 
hydrazono group, nltroso group, cyano group, isocyano group, cyanic acid ester group, amidino group, diazo group, 
amino group in ammonium salt form, and amino group, imino group, amido group, Imido group, and nltro group are 
preferable. As a preferable nitrogen-containing group, the following are examples; amino group such as methylamino, 
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dimethylamino, diethylamino, d I propylamine dibutylamino, dicyclohexylamino, phenylamino, diphenylamino, di- 
totylamino dinaphthylamino, methylphenylamino; imino group such as methylimino, ethylimino, propylimino, butylimino, 
and phenylimino; amido group such as acetamido, N-methylacetamido, and N-methylbenzamido; imido group such as 
acetimido and benzimido; and nrtro group. In the case the nitrogen -containing group contains carbon atoms, the number 

5 of carbon atoms Is preferably within 1 to 30, more preferably within 1 to 20. 

[0128] The sulfur-containing group is a group containing 1 to 5 sulfur atoms in the group. Examples of the sulfur- 
containing groups are; sulfonate group, sulfinate group, alkylthio group, arylthio group, mercapto group, thio ester 
group, dithio ester group, thioacyl group, thio ether group, thiocyanic acid ester group, isothiocyanic acid ester group, 
sulfone ester group, sulfonamido group, thiocarboxyl group, dithiocarboxyl group, sulfo group, sulfonyl group, sulfinyl 

10 group, and sulfenyl group, and sulfonate group, sulfinate group, alkylthio group, and arylthio group are preferable. As 
the preferable sulfur-containing group, the following are examples; sulfonate group such as methylsulfonate, trifluor- 
omethanesulfonate, phenylsulfonate, benzy Sulfonate, p-toluenesulfonate, trimethylbenzenesutfonate, triisobutylben- 
zenesulfonate, p-chlorobenzen ©sulfonate, pentafluorobenzenesulfonate; sulfinate group such as m ethyls u If inate, phe- 
nylsulfinate, benzylsuffinate, p-toluenesulfinate, trimethylbenzenesulfinate, and pentafluorobenzenesu If inate; alkylthio 

is group such as methylthio and ethylthio; and arylthio group such as phenylthio, methylphenylthio, and naphthylthio. In 
the case the sulfur-containing group contains carbon atoms, the number of carbon atoms is preferably within 1 to 30, 
more preferably within 1 to 20. 

[0129] R 6 denotes a hydrocarbon group or a hydrocarbon-substituted silyl group and similar groups exemplified for 
the above described R 2 and R 5 are definite examples. 

20 [0130] Regarding the above described substituents, more concrete description will be given. 

[0131] As R 4 , hydrocarbon-substituted silyl group, an oxygen-containing group, a nitrogen-containing group, or a 
sulfur-containing group are preferable; and an oxygen-containing group such as alkoxy group, aryloxy group, and 
hydroxy group, a nitrogen-containing group such as amino group, imino group, amido group, imido group, and nitro 
group, and a sulfur-containing group such as alkylthio group and arylthio group are more preferable; and alkoxy group, 

25 aryloxy group, and amino group are furthermore preferable; and alkoxy group is especially preferable. 

[0132] A preferable hydrocarbon group for R 6 is a straight chain or branched alkyl group of 1 to 30, preferably 1 to 
20 carbon atoms such as methyl, ethyl, n-propyl, isopropyi, n-butyl, isobutyl, sec-butyl, tert-butyl, neopentyl, and n- 
hexyl; a cyclic saturated hydrocarbon group of 3 to 30, preferably 3 to 20 carbon atoms such as cyclopropyl, cyclobutyi, 
cyclopentyl, cyclohexyl, and adamantyl; aryl group of 6 to 30, preferably 6 to 20 carbon atoms such as phenyl, benzyl, 

30 naphthyl, biphenylyl, and trlphenylyl; and these groups having alkyl group of 1 to 30, preferably 1 to 20 carbon atoms 
and aryl group of 6 to 30, preferably 6 to 20 carbon atoms as substituent groups. 

[0133] A preferable hydrocarbon -substituted silyl group for R 6 is methylsilyl, dimethylsllyl, trlmethylsilyl, ethylsilyl, 
diethylsilyl, triethylsllyl, diphenylmethylsilyl, triphenylsllyl, dimethylphenylsilyl, dimethyl-tert-butylsilyl, and dimethyl 
(pentafluorophenyl)silyl. Especially preferable groups are trlmethylsilyl , triethylphenylsilyl, diphenylmethylsilyl, isophe- 

35 nylsilyl, dimethylphenylsilyl, dimethyl-tert-butylsilyl, and dimethyl (pentafluorophenyl)silyl. 

[0134] A group selected from the following groups is especially preferable for R e ; branched alkyl group of 3 to 30, 
preferably 3 to 20 carbon atoms such as isopropyi, isobutyl, sec-butyl, tert-butyl, and neopentyl; a group (e.g. cumyl 
group and the likes) obtained by substituting hydrogen atoms of these groups by aryl group of 6 to 30, preferably 6 to 
20 carbon atoms; and cyclic saturated hydrocarbon group of 3 to 30, preferably 3 to 20 carbon atoms such as adamantyl, 

40 cyclopropyl, cyclobutyi, cyclopentyl, and cyclohexyl, and the likes. Further, aryl group of 6 to 30, preferably 6 to 20 
carbon atoms such as phenyl, naphthyl, fiuorenyl, anthranyl, phenanthryl, and the like and hydrocarbon-substituted 
siiyl group are also preferable. 

[0135] Two or more groups of R 2 to R 6 , preferably neighboring groups, may be bonded to form an alicyclic group, 
aromatic ring, or a hydrocarbon ring containing hetero atoms such as nitrogen atom and these rings may further have 
45 substituents. 

[0136] m denotes 1 or 2 and is preferably 2. 

[0137] In the case m Is 2, at least one of the groups denoted as R 2 to R 6 belonging to any one of the ligands may 
be bonded to at least one of the groups denoted as R 2 to R 6 belonging to another ligand, and also in the case m is 2, 
respective R 1 , respective R 2 , respective R 3 , respective R 4 , respective R 5 , and respective R 6 may be the same or 

so different to one another. 

[0138] n denotes a number satisfying the valence of M and is particularly an integer from 2 to 4 and preferably 2. 
[0139] X denotes hydrogen atom, a halogen atom, a hydrocarbon group, an oxygen-containing group, a sulfur-con- 
taining group, a nitrogen-containing group, a boron-containing group, an aluminum-containing group, a phosphorus- 
containing group, a halogen-containing group, a heterocyclic compound residue group, a silicon-containing group, a 

55 germanium-containing group, or a tin -containing group. 

[0140] As the hydrocarbon group, the oxygen-containing group, and the sulfur-containing group, groups similar to 
those exemplified for R 2 to R 6 can be exemplified. The oxygen-containing group and the sulfur-containing group, how- 
ever, do not include heterocyclic compound residues. 
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[0141] The halogen atoms include fluorine, chlorine, bromine, and iodine. 

[0142] As the nitrogen-containing group, the following are definite groups; amino group; alkylamino group such as 
methylamino, dimethylamino, diethylamino, dipropylamino, dibutylamino, dicyclohexylamino, and the likes; and ar- 
ylamino or alkylarylamino group such as phenylamino, diphenylamino, ditolylamino, dinaphthylamino, methylphe- 
5 nylamino, and the likes. 

[0143] The boron-containing group is a group containing 1 to 5 boron atoms in the group and does not include 
heterocyclic compound residues to be described below. Examples of the boron-containing groups, are; borandiyl group, 
borantriyl group, diboranyl group, and BR 4 (R denotes hydrogen, alkyl group, (substituted) aryl group, a halogen atom, 
and the likes). 

10 [0144] The aluminum-containing group is a group containing 1 to 5 aluminum atoms in the group. Examples of the 
aluminum-containing groups are a hydrocarbon group of 1 to 30, preferably 1 to 20 carbon atoms having one or two 
substituents and AIR 4 (R denotes hydrogen, alkyl group, (substituted) aryl group, a halogen atom, and the likes). 
[0145] The phosphorus-containing group is a group containing 1 to 5 phosphorus atoms in the group and does not 
include heterocyclic compound residues to be described below. Examples of the phosphorus-containing groups are; 

15 phosphoryl group, thiophosphoryl group, phosphine group, phosphite group, phosphonic acid group, phosphinic acid 
group, and the likes and phosphine group, phosphite group, phosphonic acid group, and phosphinic acid group are 
preferable. As a preferable phosphorus-containing group, the following are definite groups; trialkylphosphine group 
such as trimethylphosphine, tributylphosphine, and tricyclohexylphosphine; triarylphosphine group such as triphenyl- 
phosphine and tritolylphosphine; phosphite group (phosphide group) such as methylphosphite, ethylphosphite and 

20 phenylphosphite; phosphonic acid group; and phosphinic acid group. 

[0146] As a halogen-containing group, groups containing at least one of fluorine, chlorine, bromine, and iodine are 
included. Definite groups as the halogen-containing group are fluorine-containing groups such as PF 6 , BF 4t chlorine- 
containing groups such as CI0 4 , SbCl 6 , and iodine-containing groups such as I0 4 . 

[0147] The heterocyclic compound residue is a group containing one or more hetero atoms in the ring structure and 

25 the hetero atoms include oxygen, nitrogen, sulfur, phosphorus, and boron. As the ring structure, rings of 3 to 1 8 mem- 
bers, preferably 4 to 7 members, and more preferably 5 to 6 members are included. Particularly, the following are 
included; nitrogen-containing compound residues such as pyrrole, pyridine, pyrimidine, quinoline, andtriazine; oxygen- 
containing compound residues such as furan and pyran; and sulfur-containing compound residues such as thiophene; 
and further the groups obtained by substituting these heterocyclic compound residues by substituents groups such as 

30 alkyl group of 1 to 30, preferably 1 to 20 carbon atoms and alkoxy group of 1 to 30, preferably 1 to 20 carbon atoms. 
[0148] The silicon-containing group is a group containing 1 to 5 silicon atoms in the group. As the silicon-containing 
group, the following are included; silyl group, siloxy group, hydrocarbon-substituted silyl group, hydrocarbon-substituted 
slloxy group, hydrocarbon-substituted silyl ether group, silicon-substituted alkyl group, and silicon -substituted aryl 
group: and hydrocarbon-substituted silyl group, hydrocarbon-substituted silyl ether group, silicon-substituted alkyl 

^5 group, and silicon -substituted aryl group are preferable. As the preferable silicon-containing group, the following are 
definite groups; hydrocarbon-substituted silyl group such as methylsilyl, dimethylsilyl, trimethylsilyl, ethylsilyl, diethyl- 
silyl, triethylsilyl, tripropylsilyl, tricyclohexylsilyl, phenylsllyl, diphenylsilyl, triphenylsilyl, dimethyl-tert-butylsilyl, dimeth- 
ylphenylsilyl, methyldiphenyisilyl, trltorylsilyl, trinaphthylsilyl, dlmethyl(pentafluorophenyl)siiyl; hydrocarbon-substituted 
silyl ether group such as trimethylsilyl ether; silicon-substituted alkyl group such as trimethylsilylmethyl; and silicon- 

40 substituted aryl group such as trimethylsilylphenyl: and hydrocarbon-substituted silyl group is especially preferable. 
Among the hydrocarbon-substituted silyl group, methylsilyl, dimethylsilyl, trimethylsilyl, ethylsilyl, diethylsilyl, triethyls- 
ilyl, dimethylphenylsilyl, and triphenylsilyl are preferable and trimethylsilyl, triethylsilyl, triphenylsilyl and dimethylphe- 
nylsilyl are especially preferable. In the case the silicon-containing group contains carbon atoms, the number of carbon 
atoms is preferably within a range 1 to 30 and more preferably within a range 1 to 20. 

45 [0149] As the germanium-containing group, groups obtained by substituting silicon of above described silicon-con- 
taining groups by germanium are definite groups. 

[0150] As the tin-containing group, groups obtained by substituting silicon of above described silicon-containing 
groups by tin are definite groups. 

[0151] X of them is preferably hydrogen atom, halogen atom, hydrocarbon, oxygen-containing group, and nitrogen- 
50 containing group and more preferably hydrogen atom, halogen atom, and hydrocarbon group. Additionally, in the case 
n denotes 2 or higher number, X's may be the same or different to one another and X's may be bonded to one another 
to form a ring. 

[0152] Definite compounds of the above described transition metal compound having the defined general formula 
(I) will be illustrated below and no need to say, the transition metal compound is not limited to those compounds. 

55 
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[0153] In the illustrated compounds, Me denotes methyl group, l Pr isopropyl group, n Bu n-butyl group, l Bu tert-butyl 
group, "Pentyl n-pentyl group, "Hexyl n-hexyl group, n Heptyl n-heptyl group, "Octyl n-octyl group, n Nonyl n-nonyl 
group, "Decyl n-decyl group, "Undecyl n-undecyl group, n Dodecyl n-dodecyl group, "Octadecyl n-octadecyl group, and 
Ph phenyl group. 

[0154] In the present invention, regarding above described transition metal compounds, the compounds of which 

zirconium metal is substituted by metals such as titanium and hafnium besides zirconium may be used. 

[0155] The method for producing the transition metal compound having the above described general formula (I) is 

not specially restricted and the compound can be produced as described below, for example. 

[01 56] The transition metal compound having the general formula (I) can be synthesized by reaction of a compound 

(a ligand precursor) capable of forming a ligand such as thiosalicylidene ligand and anilino ligand and a transition metal 

M -containing compound of MX k (M and X are the same as M and X in the above described general formula (i) and k 

denotes the number satisfying the valence of M). 

[0157] The ligand precursor capable of forming thiosalicylidene ligand can be obtained by reaction of, for example, 
thiosalicylaldehyde compounds and either aniline compounds or amine compounds. 

[0158] The ligand precursor can also be obtained by reaction of o-acylbenzenethiol and either aniline compounds 
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or amine compounds. 

[0159] Particularly, the precursor can be obtained, for example, by dissolving a thiosalicylaldehyde compound or o- 
acylbenzenethlol together with an aniline compound unsubstituted in nitrogen atom or a primary amine compound in 
a solvent and stirring the resultant solution for about 1 to 48 hours at room temperature or in reflux condition. As the 
5 solvent to be employed, an alcohol solvent such as methanol, ethanol, and the likes and a hydrocarbon solvent such 
as toluene and the likes are preferable. As a catalyst, an acid catalyst such as formic acid, acetic acid, toluenesulfonic 
acid, and the likes may be employed. During the reaction, dewatering of the system by a Dean-Stark is effective to 
promote the reaction. As a dehydration agent, a molecular sieve, magnesium sulfate, sodium sulfate, and the likes 
may be employed. 

w [0160] The anilino ligand precursor can be obtained by reaction of o-formaniline compound and either an aniline 
compound or an amino compound. The ligand precursor can also be obtained by reaction of o-acylaniline and either 
an aniiinoacid or an amine. 

[0161] Particularly, the ligand precursor can be synthesized in the same manner as described above using, for ex- 
ample, either an o-formylaniline compound unsubstituted in nitrogen atom or o-acylaniline unsubstituted in nitrogen 
15 atom and either an aniline compound unsubstituted in nitrogen atom or a primary amine compound. 

[0162] The o-acylaniline to be employed can be obtained by reducing carboxylic acid group of, for example, o-ami- 
nobenzoic acid compound. Also, N-alkylation of an anthranyl compound gives corresponding N-alkyl-o-acylaniline 
compound. 

[0163] Reaction of a ligand precursor obtained by the above described method and a transition metal M-containing 
20 compound gives the corresponding transition metal compound. Particularly, a transition metal compound can be ob- 
tained by dissolving a ligand precursor in a solvent, bringing the resultant solution into contact with a base, if necessary, 
to produce a thiophenoxide or an anilino salt, and then mixing the produced substance with a transition metal M- 
containing compound such as a metal halide, an alkylated metal compound, or the like at a low temperature, and 
stirring the mixture at -78°C to a room temperature or in reflux condition for 1 to 24 hours . 
25 [0164] As the solvent to be used, polar solvents such as ethers, tetrahydrofuran, and the likes and a hydrocarbon 
solvent such as toluene are preferable and solvents other than these solvents may also be used. Examples of preferred 
bases include lithium salts such as lithium n-buthyl; sodium salts such as sodium hydride; nitrogen containing com- 
pounds such as pyridine, triethyi amine or the like, but are not limited to them. 

[0165] Depending on a transition metal compound to be used, without requiring a thiophenoxide or an anilino salt to 
30 be produced, a ligand precursor and a metal compound are alternatively reacted directly on each other to synthesize 
a corresponding compound. 

[0166] The structure of the obtained transition metal compound is determined by 1 H-NMR at 270 MHz (Nippon Elec- 
tronic Company GSH-270), FT-IR (SHIMADZU FT-1R8200D), FD-mass spectrometer (Nippon Electronic Company 
SX-102A), a metal content analyzer (dry incineration, dissolution in a diluted nitric acid, and then analysis by ICP 
35 method; SHIMADZU ICPS-8000), a carbon, hydrogen, and nitrogen content analyzer (Heraus Edulmentale GmbH 
CHNO type), and so forth. 

[0167] A transition metal compound produced by the above described method is separated by a conventional known 
method and used for polymerization and on the other hand, without separating the transition metal compound,, the 
reaction solution of a ligand precursor and a metal compound may be used as it is for polymerization. 
40 [0168] Such transition metal compounds defined as the formula (I) may be used solely or in combination with two or 
more types as olefin polymerization catalysts. 

[0169] At the time of producing the ethylene co(polymer) (A1), it is one of preferable examples that the above de- 
scribed transition metal compound (a1) is used together with at least one type of compounds (b) selected from (b1) 
an organometallic compound, (b-2) an organoaluminum oxy compound, and (b-3) a compound capable of forming ion 
45 pairs by reaction on a transition metal compound. 

(b-1) An organometallic compound 

[0170] Specific examples of (b-1 ) organometallic compounds to be used for producing the ethylene (co)polymer (A1 ) 
50 are organometallic compounds of group I, group II and group XII and group XIII of the periodic table and illustrated 
below; 

(b-1 a) an organoaluminum compound having a general formula R a m AI(OR b ) n H p X q (where, R a and R b may be the 
same or different to each other and denote hydrocarbon groups of 1 to 15, preferably 1 to 4 carbon atoms; X 
55 denotes a halogen atom; m satisfies 0<ms3;n satisfies 0 £ n < 3; p satisfies 0 £ p < 3; q satisfies 0 <, q < 3; and 

m + n + p-*-q = 3); 

(b-1 b) alkylated complexes of a group I metal in the periodic table and aluminum having a general formula M 2 AIR a 4 
(where, M 2 denotes LI, Na, or K; and R a denotes a hydrocarbon group of 1 to 15, preferably 1 to 4 carbon atoms); 
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and 

(b-1c) dialkyl compounds of a group I! metal or a group XII metal having a general formula R a R b M 3 (where, R a 
and R b may be the same or different to each other and denote hydrocarbon groups of 1 to 15, preferably 1 to 4 
carbon atoms; M 3 denotes Mg, Zn, or Cd). 

5 

[0171] Examples of an organoaluminum compounds belonging to the above defined compound (b-la)are; 

an organoaluminum compound having a general formula R a m AI(OR b )3. m (where, R a and R b may be the same or 
different to each other and denote hydrocarbon groups of 1 to 15, preferably 1 to 4 carbon atoms; and m denotes 

w a number preferably satisfying 1 .5 £ m < 3); 

an organoaluminum compound having a general formula R a m AIX3_ m (where, R a denotes a hydrocarbon group of 
1 to 15, preferably 1 to 4 carbon atoms; X denotes a halogen atom; and m preferably satisfies 0 < m < 3); 
an organoaluminum compound having a general formula R a m AIHa. m (where, R a denotes a hydrocarbon group of 
1 to 15, preferably 1 to 4 carbon atoms; and m preferably satisfies 2sm<3); and 

15 an organoaluminum compound having a general formula R a m AI(OR b ) n X q (where, R a and R b may be the same or 

different to each other and denote hydrocarbon groups of 1 to 15, preferably 1 to 4 carbon atoms; X denotes a 
halogen atom; m satisfies 0 < m £3; n satisfies 0 £ n < 3; q satisfies 0sq<3; and m + n + q = 3). 

[0172] As an organoaluminum compound belonging to the above defined compound (b-1 a), the following are more 
20 concrete compounds; 

tri-n-alkylalumlnum, such as trimethyialuminum, triethylaluminum, tri-n-butylaiuminum, tripropylaluminum, trip- 
entylaluminum, trihexylaluminum, trioctylaluminum and tridecylaluminum; 

tri-chaln-branched alkylaluminum, such as triisopropylaluminum, triisobutylaluminum, tri-sec-butylaluminum, tri- 
25 tert-butylaluminum, tri-2-methylpentylaluminum, tri-3-methylpentylaluminum, tri-4-methylpentylaluminum, tri- 

2-methylhexylaluminum, tri-3-methylhexy (aluminum and tri-2-ethylhexylaluminum; 

tricycloalkylaluminum, such as tricyclohexylaluminum and tricyclocotylaluminum; 

triarylaluminum such as triphenyialuminum and tritolylaluminum; 

dialkylaluminum hydride such as diisobutylaluminum hydride; 
30 trialkenylaluminum such as triisoprenylaluminum represented by (i-C 4 H 9 )AI(CH 5 H 10 ) 2 (wherein x, y, and z are 

integers, and z £ 2X); 

alkylaluminumaikoxide, such as isobutylaluminummethoxide, isobutylaluminumetoxide and isobutyaluminumso- 
propoxlde; 

dialkylaluminumalkoxide, such as dimethylaluminummethoxide, and diethylaluminumethoxide, dibutylaluminum- 
35 butoxide; 

alkylaluminurnsesquialkoxide, such as ethylaluminumsesquiethoxide, and 
butylaluminumsesqulbutoxide; 

partly alkoxyiated alkylaluminum having an average composition represented by R a 2.sAI(OR b ) 0 .5; 
dialkylaluminumaryloxide, such as diethylaluminumphenoxide, diethytaluminum (2,6-di-t-butyl-4-methylphenox- 
40 ide), ethyialuminum bis(2,6-dM-butyl-4-methylphenoxide), diisobutylaluminum bis(2,6-di-t-butyl-4-methylphenox- 

ide) and isobutylaluminium bis(2,6-di-t-butyl-4-msthylphenoxide); 

dialkylaluminum halide such as dimethylaluminum chloride, diethylaluminum chloride, dibutylaluminum chloride, 
diethylaluminum bromide, and diisobutylaluminum chloride; 

alkylaluminum sesquihalide, such as ethyialuminum sesquichloride, butylaluminum sesquichloride, and 
45 ethyialuminum sesquibromide; 

partly halogenated alkylaluminum, such as alkylaluminum dihalide including ethyialuminum dichloride, propylalu- 
minum dichloride, and butylaluminum dibromlde; 

dialkylaluminum hydride, such as diethylaluminum hydride, and dibutylaluminum hydride; 
partly hydrogenated alkylaluminum, such as alkylaluminum dihydride including ethyialuminum dihydride and proy- 
so laluminum dihydride; and 

partly alkoxyiated and halogenated alkylaluminum, such as ethyialuminum ethoxychloride, butylaluminum butox- 
ychlorfde and ethyialuminum ethoxybromide. 

[0173] Further, compounds similar to the defined compound (b-1a) may be employed and, for example, an organoa- 
55 luminum compound comprising two or more aluminum compounds bonded through nitrogen atom is among them. A 
concrete compound of such compounds is 
(C 2 H 5 ) 2 AIN(C 2 H 5 )AI(C 2 H 5 ) 2 . 

[0174] As compounds belonging to the above defined compound (b-1 b), LiA!(C 2 H 5 ) 4l LiAI(C 7 H 15 ) 4 , and the likes are 
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concrete examples. 

[0175] Furthermore, as the (b-1) organometallic compound, the following are usable; methyllithium, ethyllithium, 
propyllithium, butyllrthium, methylmagnesium bromide, methylmagnesium chloride, ethylmagnesium bromide, ethyl- 
magnesium chloride, propylmagnesium bromide, propylmagnesium chloride, butylmagneslum bromide, butylmagne- 
5 slum chloride, dimethylmagneslum, diethylmagneslum, dlbutylmagneslum, butylethylmagneslum, and the likes. 

[0176] Compounds capable of forming the above described organoaluminum compounds in polymerization system, 
for example, combination of an aluminum halide and alkyllithium and combination of an aluminum halide and alkyl- 
magnesium can be employed, 

[0177] Among the (b-1) organometallic compounds, organoaluminum compounds are preferable. 
10 [0178] Such (b-1) organometallic compounds as described above may be used solely or in combination of two or 
more types. 

(b-2) An organoaluimnum oxy compound 

is [0179] An (b-2) organoaluminum oxy compound possible to be employed for production of an ethylene (co)polymer 
(A1) may be conventionally well known aluminoxanes and also benzene-insoluble organoaluminum oxy compounds 
just like those exemplified in Japanese Patent Laid-Open No. 2-78687. 

[0180] A conventionally well known aluminoxane can be produced by, for example, a method described below and, 
generally, obtained as a solution of a hydrocarbon solvent. 

20 

(1) A method wherein an organoaluminum compound such as trlalkylalumlnum is added to a suspension of a 
hydrocarbon solvent containing a salt containing adsorbed water or crystal water, for example hydrated magnesium 
chloride, hydrated copper sulfate, hydrated aluminum sulfate, hydrated nickel sulfate, hydrated cerous chloride, 
and the likes and reaction of the adsorbed or crystal water and the organoaluminum compound is carried out. 
25 (2) A method wherein reaction of water, ice, or steam directly to an organoaluminum compound such as trialkyla- 

luminum is carried out in a solvent such as benzene, toluene, ethyl ether, tetrahydrofuran, and the likes. 
(3) A method wherein reaction of an organotfn oxide such as dimethyltin oxide and dlbutyltin oxide on an orga- 
noaluminum compound such as trialkylaluminum is carried out in a solvent such as decane, benzene, toluene, 
and the likes. 

30 

[0181] The aluminoxane may contain a slight amount of organometallic components. It is also acceptable that the 
solvent or the unreacted organoaluminum compound is removed from the recovered aluminoxane solution by distillation 
and then the recovered compound is dissolved in a solvent again or suspended In a poor solvent for an aluminoxane. 
[0182] As an organoaluminum compound to be used for producing an aluminoxane, the same organoaluminum 
35 compounds exemplified as the organoaluminum compounds belonging to the above defined (b-1 a) compounds are 
concrete examples. 

[0183] Among them, trialkylaluminum and tricycloalkylalumlnum are preferable and trimethylalumlnum Is especially 
preferable. 

[0184] Above described organoaluminum compounds may be employed either solely or in combination of two or 
40 more types. 

[0185] As a solvent to be employed for producing an aluminoxane, the following are usable hydrocarbon solvents; 
an aromatic hydrocarbon such as benzene, toluene, xylene, cumene, and cymene; an aliphatic hydrocarbon such as 
pentane, hexane, heptane, octance, decane, dodecane, hexadecane, and octadecane; an allcycllc hydrocarbon such 
as cyclopentane, cyclohexane, cyclooctane, and methylcyclepentane; petroleum fraction such as gasoline, kerosine, 

45 and light oil; and halide compounds (for example, chlorides and bromides) of the above described aromatic hydrocar- 
bon, aliphatic hydrocarbon, and allcycllc hydrocarbon. Further, ethers such as ethyl ether and tetrahydrofuran can be 
employed. Among them, an aromatic hydrocarbon or an aliphatic hydrocarbon is especially preferable. 
[0186] It is preferable for a benzene-insoluble organoaluminum oxy compound to be employed for the present in- 
vention that the A1 component to be dissolved in benzene at 60°C is normally 10% or lower, preferably 5% or lower, 

so and especially preferably 2% or lower, in terms of A1 atom. That is, the organoalumium oxy compound insoluble or 
hardly soluble in benzene is preferable. 

[0187] An (b-2) organoaluminum oxy compound possible to be employed for production of an ethylene (co)polymer 
(A1) may also include a boron-containing organoaluminum oxy compound having a general formula (II) described 
below. 

55 
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[0188] Where, R 10 denotes a hydrocarbon of 1 to 10 carbon atoms. R 11 may be thesame or different to one another 
and denotes hydrogen atom, halogen atom, and a hydrocarbon of 1 to 10 carbon atoms, 

[0189] The boron-containing organoaluminum oxy compound of the above described general formula (II) can be 
produced by carrying out reaction of an alkyiboric acid having a general formula (III) 

R 10 -B-(OH) 2 (III) 

(where, R 10 denotes the same group as described above) and an organoaluminum compound in an Inert solvent In an 
inert gas atmosphere at -80°C to a room temperature for 1 minute to 24 hours. 

[0190] Concrete alkyiboric acids defined as the above described general formula (III) are methylboric acid, ethylboric 
acid, isopropylboric acid, n-propylboric acid, n-butylboric acid, isobutylboric acid, n-hexytboric acid, cyclohexylboric 
acid, phenylboric acid, 3 : 5-difluorophenylboric acid, pentafluorophenylboric acid, 3,5-bis(trifluoromethyl)phenylboric 
acid. Among them, methylboric acid, n-butylboric acid, isobutylboric acid, 3,5-difluorophenylboricacid, and pentafluor- 
ophenylboric acid are preferable. Those compounds are used solely or in combination of two or more compounds. 
[0191] As an organoaluminum compound to be used for reaction on such alkyiboric acid, particularly, the same 
organoaluminum compounds exemplified as the organoaluminum compounds belonging to the above defined (b-1 a) 
compounds are concrete examples. 

[0192] Among them, trialkylaluminum and trlcycloalkylaluminum are preferable, especially trimethylaluminum, tri- 
ethyiaiuminum, and triisobutyialuminum are preferable. Those compounds are used solely or in combination with two 
or more of them. 

[0193] Above described organoalumium oxy compounds (b-2) are used solely or in combination with two or more of 
them. 



(b-3) A compound capable of forming ion pairs by reaction on a transition metal compound 

[0194] A compound (b-3) (hereafter named as "ionizing ionic compound") capable of forming ion pairs by reaction 
on a transition metal compound and possible to be used for producing the ethylene (co)polymer (A1) Is a compound 
forming ion pairs by reaction on a transition metal compound of the above described formula (I). Examples of such 
compounds are Lewis acids, ionic compounds, borane compounds, and Carbolan compounds described in Japanese 
Patent Laid-Open No. 1-501950, Japanese Patent Laid-Open No. 1-502036, Japanese Patent Laid-Open No. 
3-179005, Japanese Patent Laid-Open No. 3-179006, Japanese Patent Laid-Open No. 3-207703, Japanese Patent 
Laid-Open No. 3-207704, USP No. 5321106. Further, heteropoly-compounds and isopoly-compounds are also exam- 
ples. 

[0195] Particularly, compounds defined as BR 3 (R denotes phenyl group optionally substituted by substituents such 
as fluorine, methyl group, and trlfluoromethyl group or fluorine) are among Lewis acids and, for example, the following 
are definite compounds; trlfluoroboron, triphenylboron, trls(4-fluorophenyl)boron, tris(3,5-difluorophenyl)boron, tris 
(4-fluoromethylphenyl)boron, tris(pentafluorophenyl)boron, tris (p-toly I) boron, tris(o-tolyl)boron, and tris(3,5-dimethyl- 
phenyl)boron. 

[0196] Examples of the ionic compounds are the compounds defined as the general formula (IV) described below. 
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[01 97] Where, R 12 denotes H+, carbonlum cation, oxonium cation, ammonium cation, phosphonium cation, cyclohep- 
15 tyltrienyl cation, ferrocenium cation containing a transition metal, and the likes; and 

[0198] R 13 to R 16 may be the same or different to one another and denote an organic group, preferably aryl group 
or substituted aryl group, 

[0199] As the prescribed carbonium cation, carbonium cations comprising three substitutents such as triphenyicar- 
bonium cation, tri(methylphenyi)carbonium cation, tri(dimethylphenyl)carbonium cation are definite examples. 
20 [0200] The above ammonium cations include trialkylammonium cation, such as trimethylammonium cation, triethy- 
lammonium cation, tripropyi ammonium cation, tributylammonium cation and tri(n-butyl)ammonium cation, 
[0201] N,N-dialkylanilinlum cation, such as N.N-dimethylanilinium cation, N,N-diethylanilinium cation and N,N- 
2,4,6-pentamethylanilinium cation; and 

[0202] dialkylammonium cation, such as di(isopropyl)ammonium cation and dicyclohexy (ammonium cation. 
23 [0203] The above phosphonium cations include, for example, triarylphosphonium cations, such as triphenylphos- 
phonium cation, tri(ethylphenyl)phosphonium cation and tri(dimethylphenyl)phosphonium cation. 
[0204] As R 12 , preferable are carbonium cation, ammonium cation and the like, especially preferable are triphenyl- 
carbonium cation, N.N-dimethylanilinium cation and N,N-diethylanilinium cation. 

[0205] Examples of ionized compounds may include trialkyl substituted ammonium salt, N,N-dialkylanilinium salt, 

30 dialkylammonium salt and triarylphosphonium salt. 

[0206] Examples of trial kyl-substrtuted ammonium salt include triethylammonium tetra(phenyl)boron, tripropylam- 
moniumtetra(phenyl)boron, tri(n-butyl)ammoniumtetra (phenyl)boron, trimethylammonium tetra(p-tolyl)boron, trimeth- 
ylammonium tetra(o-tolyl)boron, trl(n-butyl)ammonlum tetra(pentafluorophenyl)boron, tripropylammonlum tetra(o,p- 
dimethylphenyl)boron, tri(n-butyl)ammonium tetra(m,m-dimethylphenyl)boron, tri(n-butyl)ammonium tetra(p-trifiuor- 

35 omethylphenyl)boron, tri(n-butyi)ammonium tetra(3,5ditrifluoromethylphenyhl)boron and tri(n-butyl)ammonium tetra 
(o-tolyl)boron. 

[0207] Examples of N,N-dialkylatuminlum salts are N,N-diethylanilinium tetra(phenyl)boron, N,N-diethylalinium tetra 
(phenyl)boron, N,N-2,4,6-dimethylanilinium tetra(phenyl)boron and the like. 

[0208] Dialkylammonium salts include, for example, di(1 -propyl)ammonium tetra(pentaluorophenyl)boron and dicy- 
40 clohexylammonium tetra(phenyl)boron. 

[0209] Furthermore, as the ionized compounds there may be mentioned triphenylcarbenium tetraquls(pentafluor- 
ophenyl)borate, N.N-dimethylanHinlum tetraquis (pentafluorophenyl)borate, ferroceniumtetra(pentafluorophenyl)bo- 
rate, triphenylcarbeniumpentaphenylcyclopentadienyl complex, N,N-diethylanlliniumpentaphenylcyclopentadienyl 
complex, and boron compounds represented by the following formula (V) or (VI). 

45 
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wherein, Et is an ethyl group. 
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(VI) 

15 

[0210] As the borane compounds, there can be exemplified decaborane (14); 

anion salts such as bis(tri(n-butyl)ammonium)nonaborate, bis(tri(n-butyl)ammonium)decaborate, bis(tri(n-buty!) 
ammonium)undecaborate, bis(tri(n-butyl)ammonium)dodecaborate t bis(tri(n-nutyl)ammonium)decachlorodecab- 
20 orate, and bis(tri(n-butyl)ammonium)dodecachlorododecaborate; and 

metallic borane anion salts, such as salt of tri(n-butyl)ammonium bis(dodecahydride dodecaborate)cobalt acid (III) 
and salt of bis(tri(n-butyl)ammonium)bis(dodecahydride decaborate)nickel acid (III). 

[0211] The carborane compounds include, for example, 

25 

anion salts, such as 4-carbanonaborane (14), 1 ,3-dicarbanonaborane (13), 6,9-dicarbadecaborane (14), dodec- 
ahydride-1 -phenyl-1 ,3-dicarbanonaborane, dodecahydride-1 -methyl-1 ,3-dicarbanonaborane, undecahydride- 
1 ,3-dimethyl-1 ,3-dicarbanonaborane, 7,8-dicarbaundecaborane (13), 2,7-dlcarbaundecaborane (13), undecahy- 
dride-7,8-methyl-7,8-dicarbaundecaborane, tri(n-butyl)ammonium 1 -carbadecaborate, tri(n-butyl)ammonium 

30 1 -carbaundecaborate, ri(n-butyl)ammonium 1 -carbadodecaborate, tri(n-trlbutyl)ammonium 1 -trimethylsilyl-1 -car- 

badecaborate, tri(n-butyl)ammoniumbromo-1 -carbadodecaborate, tri(n-butyl)ammonium 6-carbadecaborate (14), 
tri(n-butyl)ammonium 6-carbadecaborate (12), tri(n-butyl)ammonium 7-carbaundecaborate (13), tri(n-butyl)am- 
monium 7,8-dlcarbaundecaborate (12), trl(n-butyl)ammonlum 2 t 9-dlcarbaundecaborate (12), tri(n-butyl)ammoni- 
umdodecahydride-8-methyl-7 ) 9-dlcarbaundecaborate, tri (n-butyl)ammoniumundecahydride-8-ethyl-7,9-dicar- 

35 baundecaborate, trUn-butyOammoniumundecahydride-S-butyl^^-dicarbaundecaborate, tri (n-butyl)ammonlu- 

mundecahydride-8-allyl-7,9-dicarbaundecaborate, trl(n-butyl) ammonlumundecahydride-9-trimethylsilyl-7 t 8-di- 
carbaundecaborate and tri(n-butyl)ammoniumundecahydride-4,e-dibromo-7-carbaundecaborate; and 
metallic carborane anion salts, such as salt of tri(n-butyl)ammonium bis(nonahydride-1 ,3-dicarbanonaborate)co- 
bait acid (III), tri(n-butyl)ammonium bis(undecahydride-7,8-dicarbaundecaborate) ferric salt (III), salt of tri(n-butyl) 

40 ammonium bis(uindecahydride-7,8-dicarbaundecaborate)cobalt acid (III), salt of tri(n-butyl) ammonium bis (un- 

decahydrlde-7,8-dicarbaundecaborate)nickel acid (111), salt of tri(n-butyl)ammonium bis(undecahydride-7,8-dicar- 
baundecaborate) cupric acid (III), tri(n-butyl)ammonium bis(undecahydride-7,8-dlcarbaundecaborate) aurate (III), 
tri(n-butyl)ammonium bis(nonahydride-7,8-dimethyl-7,8-dbarbaundecaborate)ferricsalt (III), salt of tri(n-butyl)am- 
monium bis(nonahydride-7,8-dimethyl-7,8-dicarbaundecaborate)chromic acid (III), salt of tri(n-butyI)ammonium 

45 bis(tribromooctahydride-7,8-dicarbaundecaborate) cobalt acid (III), salt of tris(tri(n-butyl)ammonium)bis(undec- 

ahydride-7-carbaundecaborate)chromic acid (III), salt of bis(tri(n-butyl) ammonium) bis (undecahydride-7-car- 
baundecaborate)manganic acid (IV). bis(tri(n-butyl)ammonium)bis(undecahydride-7-carbaundecaborate)cobalt 
acid (III) and his(tri(n-butyl)ammonium)bis(undecahydride-7-carbaundecaborate)nickel acid (IV). 

so [0212] Each of the heteropoly-compounds comprises an atom selected from silicon, phosphorus, titanium, germa- 
nium, arsenic, and tin and one or two or more atoms selected from vanadium, niobium, molybdenum, and tungsten. 
Particularly, trie following are usable; phosphorus vanadate, germanovanadlc acid, arsenic vanadate, phosphorus nio- 
bate, germanoniobic acid, siliconomolybdic acid, phosphorus molybdate, titanium molybdate, germanomolybdic acid, 
arsenic molybdate, tin molybdate, phosphorus tungstate, germanotungstic acid, tin tungstate, phosphorus molybdova- 

55 nadic acid, phosphorus tungstovanadic acid, germanotungstovanadic acid, phosphorus molybdotungstovanadic acid, 
germanomolybdotungstovanadic acid, phosphorus molybdotungstic acid, and phosphorus molybdonlobic acid, salts 
of these acids, for example, salts of group I metals or group II metals in the periodic table, particularly lithium, sodium, 
potassium, rubidium, cesium, beryllium, magnesium, calcium, strontium, barium, or the like, and organic salts such as 
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triphenylethyl salt or the like. There is no limit to use acids and salts other than those. 

[0213] Above described (b-3) ionizing ionic compounds are used solely or in combination with two or more of them. 
[0214] At the time of producing the ethylene co(polymer) (A1 ), the above described transition metal compound (a1 ) 
may be used solely or together with at least one type of compounds (b) selected from (b-1 ) an organometallic compound, 
5 (b-2) an organoaluminum oxy compound, and (b-3) a compound capable of forming ion pairs by reaction on a transition 
metal compound. 

[0215] In the case the transition metal compound (a1 ) is used in combination with the component (b), the transition 
metal compound (a1) forms a compound of a general formula (l-a) as described below in polymerization system. 

w 



15 



20 



25 




(I-a) 

30 

(Where, R 1 to R 6 , M, m, n, and X are defined as same as R 1 to R 6 , M, m, n, and X for the above described general 
formula (I); and Y denotes so called weakly coordinated anion). 

[0216] In the above described general formula (l-a), the bond of metal M and Y may be covalent bond or ionic bond. 
35 [0217] Examples for Y are weakly coordinated anions described on Chemical Review, vol. 88 (1988) p. 1405, Chem- 
ical Review vol. 93 (1993) p. 927, and WO 98/30612, p. 6. Particularly, the following examples are; 
AIR 4 - 

(R may be the same or different to one another and denotes oxygen atom, nitrogen atom, phosphorus atom, 
hydrogen atom, halogen atom, or a substituent containing these atoms; or an aliphatic hydrocarbon group, an aromatic 
*o hydrocarbon group, or an alicyclic hydrocarbon group; or an aliphatic hydrocarbon group, an aromatic hydrocarbon 
group, or an alicyclic hydrocarbon group substituted by oxygen atom, nitrogen atom, phosphorus atom, or, halogen 
atom; or an aliphatic hydrocarbon group, an aromatic hydrocarbon group, or an alicyclic hydrocarbon group substituted 
by substituents containing oxygen atom, nitrogen atom, phosphorus atom, or halogen atom); or 

BR 4 - 

45 (R may be the same or different to one another and denotes oxygen atom, nitrogen atom, phosphorus atom, 

hydrogen atom, halogen atom, or a substituent containing these atoms; or an aliphatic hydrocarbon group, an aromatic 
hydrocarbon group, or an alicyclic hydrocarbon group; or an aliphatic hydrocarbon group, an aromatic hydrocarbon 
group, or an alicyclic hydrocarbon group substituted by oxygen atom, nitrogen atom, phosphorus atom, or, halogen 
atom; 

so or an aliphatic hydrocarbon group, an aromatic hydrocarbon group, or an alicyclic hydrocarbon group substituted 

by substituents containing oxygen atom, nitrogen atom, phosphorus atom, or halogen atom); or 
[0218] PF 6 -, SbF 5 ', trifluoromethanesulfonate, p-toluenesulfonate, or the like. 

[0219] A catalyst for olefin polymerization may contain a carrier (c) described below and/or an organic compound 
(d) described later, on necessity, together with the above described transition metal compound (a1) (hereafter some- 
55 times called as "component (a1) M ) and, if necessary, at least one of compounds (b) (hereafter sometimes called as 
"component (b)°) selected from the above described (b1) organometallic compound, (b-2) organoaluminum oxy com- 
pound, and (b-3) Ionizing ionic compound. 
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(c) Carrier 

[0220] A (c) carrier to be employed, optionally, for producing an ethylene (co)polymer (A1) is inorganic or organic 
compounds and granular or fine particle solid. 
5 [0221] Among them, as the inorganic compounds, porous oxides, Inorganic halogen compounds, clays, clay miner- 
als, ion-exchangeable lamellar compounds are preferable. 

[0222] Particularly, the following are substances usable as the porous oxides; Si0 2 , Al 2 0 3 , MgO, ZrO, Ti0 2l B2O3, 
CaO, ZnO, BaO, Th0 2 , composite compounds containing these oxides, and their mixture, for example, natural or 
synthetic zeolites, Si0 2 -MgO, Si0 2 -Al 2 0 3l Si0 2 -Ti0 2 , SiO 2 -V 2 0 5 , Si0 2 -Cr 2 0 3 , Si0 2 -Ti0 2 -MgO. Among them, sub- 
10 stances containing Si0 2 and/or Al 2 0 3 as a main component is preferable. 

[0223] Additionally, the above described inorganic compounds may contain a small amount of carbonate, sulfate, 
nitrate, and oxide components such as Na 2 C0 3 , I^CCXj, CaC0 3 , MgC0 3> Na^SO^ AI 2 (S0 4 ) 3 , Ba^C^, KN0 3 , Mg 
(N0 3 ) 2> AI(N0 3 ) 3l Na 2 0, K 2 O f and Li 2 0. 

[0224] Such porous oxides have different properties depending on the types and production methods and it is de- 
15 sirable for a carrier to be preferably used for the present invention to have the particle diameter 1 0 to 300 u.m , preferably 
20 to 200 ujti, the specific surface area within a range of 50 to 1000 m 2 /g, preferably 100 to 700 m 2 /g, and the fine 
pore volume within a range 0.3 to 3,0 cm 3 /g. Such a carrier may be calcined at 1 00 to 1 000°C, preferably 1 50 to 700°C, 
if necessary, to be used, 

[0225] As an inorganic halogen compound, MgCI 2 , MgBr 2 , MnCI 2 , MnBr 2 , and the likes are used. The inorganic 
20 halogen compound may be used as it is or after being milled by a ball mill or a vibration mill. Further, an inorganic 
halogen compound obtained by dissolving an inorganic halogen compound in a solvent such as alcohol and then 
precipitating the compound in fine particle state by a precipitating agent may also be used. 

[0226] A clay generally comprises clay minerals as main components. An ion-exchangeable lamellar compound is 
a compound having a crystal structure in which planes constituted of ion bonds are overlaid one another in parallel 
25 with weak bond energy and the contained ions are exchangeable. Almost all of clay minerals are ion-exchangeable 
lamellar compounds. Not only natural but also artificially synthesized clays, clay minerals, and ion-exchangeable la- 
mellar compounds are usable. 

[0227] Examples of clays, clay minerals, and ion-exchangeable lamellar compounds are clays, clay minerals, and 
ionic crystal compounds having a lamellar crystal structure such as hexagonal close packing type, antimony type, 

30 CdCI 2 type, Cdl 2 type, or the like structure. 

[0228] Examples of such clays and clay minerals are; kaolin, bentonite, Kibushi clay, Gaerome clay, allophane, hls- 
ingerite, pyrophyllite, mica-group minerals, montmorillonitic clays, vermiculite, chlorite-group minerals, palygorskite, 
kaollnite, nacrlte, dicklte, halloyslte, and the likes; and examples of the ion-exchangeable lamellar compounds are the 
following crystalline acidic salts of polyvalent metals; a-Zr(HAs0 4 ) 2 -H 2 0, a-Zr(HP0 4 ) 2 , a-Zr(KP0 4 ) 2 -3H 2 0, a-Ti 

35 (HP0 4 ) 2 , a-Ti(HAs0 4 ) 2 .H 2 0, a-Sn(HP0 4 ) 2 -H 2 0, T -Zr(HP0 4 ) 2 , r Ti(HP0 4 ) 2 , ^Ti(NH 4 P0 4 ) 2 <H 2 0, and the likes. 

[0229] Such clays, clay minerals, and ion-exchangeable lamellar compounds have preferably 0.1 cc/g or more, es- 
pecially preferably 0.3 to 5 cc/g, of pore volume of fine pores of 20 A or longer radius measured by mercury pressure 
penetration method. The pore volume for fine pores with radius within a range of 20 to 3 x 10 4 A is measured by a 
mercury pressure penetration method using a mercury porosimeter. 

40 [0230] In the case a substance having less than 0.1 cc/g pore volume of fine pores with 20 A or longer radius is used 
as a carrier, it tends to be difficult to obtain high polymerization activity. 
[0231] It is also preferable to carry out chemical treatment for the clays and clay minerals. 

[0232] Any treatment such as surface treatment for removing impurities adhering to the surface, treatment affecting 
the crystal structure of clays, and the likes may be employed as the chemical treatment. Particularly, as the chemical 

45 treatment, acid treatment, alkali treatment, salt treatment, organic substance treatment, and the likes are included. 
Acid treatment brings a removal of impurities on the surface, while cations of such as A1 , Fe, mg in the crystal structure 
are eluted there by, results to increase the surface area. The crystal structure of a clay is broken by the alkali treatment 
to result in alteration of the structure of the clay. Also, ion complexing, molecular complexing, and organic derivatives 
are formed by the salt treatment and the organic substance treatment to change the surface area and the interlayer 

so distance. 

[0233] An ion -exchangeable lamellar compound may be a lamellar compound in which interlayer distance is widened 
by replacing exchangeable ion in interiayers with another bulky ion based on the ion exchangeable property. Such a 
bulky ion works just like a pole to support the lamellar structure and is commonly called a pillar. To introduce another 
substance into interlayer gaps of a lamellar compound is called intercalation. Examples of guest compounds to be 
55 intercalated are; cation ic inorganic compounds such as TiCI 4 and ZrCI 4 ; metal alkoxides (R denotes a hydrocarbon 
group) such as Tl(OR) 4 , Zr(OR) 4 , PO(OR) 3 , and B(OR) 3 ; and metal hydroxide ions such as [AI 13 0 4 (OH) 24 ] 7 +, [Zr 4 
(OH) 14 ] 2+ ( [Fe 3 0 (OCOCH 3 ) 6 l+. Those compounds are used solely or in combination with two or more of them. Further, 
at the time of intercalation, a polymer obtained by hydrolysis of a metal alkoxide such as Si(OR) 4 , AI(OR) 3t and Ge 
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(OR) 4 (R denotes a hydrocarbon), a colloidal inorganic compound such as SiO a or the like is allowed to coexist. Ex- 
amples of the pillars are oxides produced by thermal dehydration after intercalation of above described metal hydroxide 
ions. 

[0234] Clays, clay minerals, and ion-exchangeable lamellar compounds may be used as they are or after treated by 
5 a ball mill or a sieve. Further, they may be used after addition and adsorption of water to and on them and heat dehy- 
dration treatment for them. Additionally, they may be used solely or in combination of two or more of them. 
[0235] Among them, clays or clay minerals are preferable and montmorillonite, vermiculite, pectolite, taeniolite, and 
synthesized mica are especially preferable. 

[0236] Examples of the organic compounds are granular or fine particle-like solids having a particle diameter 1 0 to 
10 300 urn. Particularly, (co)polymer produced from mainly a-olef in of 2 to 1 4 carbon atoms such as ethylene, propylene, 
1-butene, 4-methyl-i-pentene, and the likes; (co)polymer produced from mainly vinylcyclohexane and styrene; and 
their modified substances are among the organic compounds. 

(d) An organic compound component 

15 

[0237] A (d) organic compound be employed for a purpose of improving the polymerizabie property and the physical 
properties of a produced polymer optionally in production of an ethylene (co)polymer (A1 ). Examples of such organic 
compounds are alcohols, phenolic compounds, carboxylic acids, phosphorus compounds, and sulfonic acid salts and 
compounds other than these compounds are also allowed to be used. 

20 [0238] As alcohols and phenolic compounds, compounds defined as R^-OH are normally used. R 20 in that case 
denotes a hydrocarbon group of 1 to 50 carbon atoms or a halogenated hydrocarbon group of 1 to 50 carbon atoms. 
[0239] As the alcohols, R 20 is preferably a halogenated hydrocarbon. On the other hand, it is preferable for the 
phenolic compounds to be substituted by hydrocarbon of 1 to 20 carbon atoms at a,a' position of the hydroxyl group. 
[0240] As carboxylic acids, compounds defined as R 21 -COOH are normally used. R 21 denotes a hydrocarbon group 

25 of 1 to 50 carbon atoms or a halogenated hydrocarbon group of 1 to 50 carbon atoms; and especially a halogenated 
hydrocarbon group of 1 to 50 carbon atoms is preferable. 

[0241] As phosphorus compounds, phosphoric acids having P-O-H bond, phosphates and phosphine oxides having 
P-OR, P=0 bond are preferable used. 

[0242] As sulfonic acid salts, those having a general formula (VII) described below are used. 

30 



35 




[0243] Where, M denotes an element of group I metals or group XIV in the periodic table; R 23 denotes a hydrocarbon 
group of 1 to 20 carbon atoms or a halogenated hydrocarbon group of 1 to 20 carbon atoms; X denotes a hydrogen 
45 atom, a halogen atom, a hydrocarbon group of 1 to 20 carbon atoms or a halogenated hydrocarbon group of 1 to 20 
carbon atoms. 

[0244] m denotes an integer of 1 to 7; and n satisfies 1$n<7. 
Polymerization 

50 

[0245] An ethylene (co)polymer (A1 ) is produced using an olefin polymerization catalyst described above by homopo- 
lymerization of ethylene or copolymerization of ethylene and an a-olefin of 4 to 20 carbon atoms. 
[0246] At the time of polymerization, methods described below are applicable while the manner of using respective 
components and the order to add the components are optional; 

55 

(1) a method by adding a component (a1) and a component (b) in optional order to a polymerizer; 

(2) a method by adding catalyst components comprising a carrier (c) bearing a component (a1) and a component 
(b) in optional order to a polymerizer; 
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(3) a method by adding catalyst components comprising a carrier (c) bearing a component (b) and a component 
(a1) in optional order to a polymerizer; and 

(4) a method by adding catalyst components comprising a carrier (c) bearing both of a component (a1 ) and a 
component (b) to a polymerizer. 

5 

[0247] In above described respective methods (1) to (4), at least two of respective catalyst components may previ- 
ously be brought into contact with one another 

[0248] In above described respective methods (3), (4) in which the component (b) is deposited, a component (b) 
which is not deposited on a carrier may be added, if necessary, in an optional order. In that case, the components (b) 
10 may be the same or different to each other. 

[0249] In solid catalyst components comprising the carrier (c) bearing the component (a1) and the component (b), 
an olefin may previously polymerized and catalyst components may further be deposited on the previously polymerized 
solid catalyst components. 

[0250] Polymerization may be carried out by any one of the methods; liquid-phase polymerization methods such as 
15 solution polymerization and suspension polymerization and gas-phase polymerization methods. Among the methods, 
suspension polymerization is preferable. 

[0251] As an inert hydrocarbon solvent to be used for a liquid-phase polymerization, the following are concrete ex- 
amples; an aliphatic hydrocarbon such as propane, butane, pentane, hexane, heptane, octane, decane, dodecane, 
and kerosine; an alicyclic hydrocarbon such as cyclopentane, cyclohexane, and methylcyclepentane; an aromatic 
20 hydrocarbon such as benzene, toluene, and xylene; and a halogenated hydrocarbon such as ethylene chloride, chlo- 
robenzene, and dichloromethane; and their mixtures. An olefin itself may be used as a solvent. 
[0252] At the time of carrying out (co)polymerization using above described olefin polymerization catalyst, a compo- 
nent (a1 ) is so added as to keep the concentration normally 1 0* 12 to 1 0" 2 mole, preferably 1 0* 10 to 1 0* 3 mole, per 1 liter 
of the reaction volume. 

25 [0253] A component (b-1) to be used optionally is so added as to keep the mole ratio ((b-1)/M) of the component 
(b1) and a transition metal (M) in a component (at) within normally 0.01 to 100,000 and preferably 0.05 to 50,000. 
[0254] A component (b-2) to be used optionally is so added as to keep the mole ratio ((b-2)/M) of aluminum atom In 
the component (b-2) and a transition metal (M) in a component (a1) within normally 10 to 500,000 and preferably 20 
to 100,000, 

30 [0255] A component (b-3) to be used optionally is so added as to keep the mole ratio ((b-3)/M) of the component (b- 
3) and a transition metal (M) in a component (al) within normally 1 to 10 and preferably 1 to 5. 
[0256] A component (d) to be used optionally is so added as to keep the mole ratio ((d)/(b-l )) within normally 0.01 
to 1 0 and preferably 0.1 to 5 In the case a component (b) is a component (b-1 ); the mole ratio ((d)/(b-2)) within normally 
0.001 to 2 and preferably 0.005 to 1 in the case a component (b) is a component (b-2); and the mole ratio ((d)/(b-3)) 

35 within normally 0.01 to 10 and preferably 0.1 to 5 in the case a component (b) is a component (b-3). 

[0257] The polymerization temperature in the case of using such a catalyst for olefin polymerization is normally -50 
to +250°C, preferably 0 to 200°C, and especially preferably 60 to 170°C. The polymerization pressure is generally a 
normal pressure to 100 kg/cm 2 and preferably a normal pressure to 50 kg/cm 2 : and the polymerization reaction may 
be carried out by any method such as batch type, semi-continuous, and continuous methods. Though the polymerization 

40 can be carried out separately in two or more steps in different reaction conditions, a one-step polymerization is pref- 
erable. 

[0258] The molecular weight of a produced ethylene (co)poiymer (A1) can be adjusted either by making hydrogen 
exist in the polymerization system or changing the polymerization temperature. Further, the molecular weight can be 
adjusted owing to the difference of components (b) to be used. 

45 

An ethylene (co)polymer (A2) 

[0259] An ethylene (co)polymer (A2) is an ethylene homopolymer or a random copolymer of ethylene and an a-olefin 
of 4 to 20 carbon atoms. 

so [0260] Examples of a-olefins of 4 to 20 carbon atoms are a straight chain or branched a-olefin of 4 to 20 carbon 
atoms as same as described above and a cyclic olefin of 4 to 20 carbon atoms as same as described. Among them, 
1-butene or 1-hexene is preferable. 

[0261] It is desirable for the ethylene (co)polymer (A2) to contain generally 50 to 1 00% by weight, preferably 55 to 
100% by weight, further preferably 65 to 100% by weight, and most preferably 70 to 100% by weight of a repeated 
55 unit derived from ethylene and 0 to 50% by weight, preferably 0 to 45% by weight, further preferably 0 to 35% by weight, 
and especially preferably 0 to 30% by weight of a repeated unit derived from a-olefin of 4 to 20 carbon atoms. 
[0262] The ethylene (co)polymer (A2) is 

(U2) methyl branches less than 0.1, preferably less than 0.08, in number per 1,000 carbon atoms measured 
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by 13 C-NMR. Since such an ethylene (co)polymer is a tough crystal structure, it has excellent mechanical strength. 
[0263] The ethylene (co)polymer (A2) also is 

(ii/^) Mw/Mn measured by GPC generally not lower than 4.5 and not higher than 60, preferably 5.5 to 50. An 
ethylene (co)polymer having the Mw/Mn within the above described ranges has excellent mechanical strength. 
s [0264] The preferable state of the ethylene (co)polymer (A2) is that Mz/Mw measured by GPC does not exceed Mw/ 
Mn. 

[0265] In the case a polymer having an intrinsic viscosity smaller than the above described range, the crystal is weak, 
so that the strength is Insufficient and in the case a polymer having an intrinsic viscosity larger than the above described 
range, the rigidity sometimes becomes insufficient or molding of the polymer sometimes becomes difficult. 
10 [0266] It is preferable for the ethylene (co)polymer (A2) to satisfy at least one of the following requirements (iii^) to 
(xlll A2 ) In addition to the above described requirements (i^) and (ii^). 

(i"A2) Tne intrinsic viscosity measured in decalin at 135°C is within a range of 0.2 to 18 dl/g, preferably 0.5 to 15 
dl/g, further preferably 0.8 to 10 dl/g, furthermore preferably 1 .0 to 8 dl/g, and most preferably 1 .7 to 7.5 dl/g. 
15 ( iv A2> The intrinsic viscosity (ft] (dl/g)) measured in decalin at 135°C and the melt flow rate (MFR (g/1 0 minutes) 

measured under 2.1 6 kg load at 1 90°C satisfy the following relations; 
fol > 1 .85 x MFR* 0 - 192 , preferably ft] > 1 .95 x MFR" 0 - 192 , in the case of MFR < 1 and 
h] > 1 .85 x MFR -0 - 213 , preferably ft] > 1 .95 X MFR' 0 213 , in the case of MFR £ 1 . 

20 [0267] An ethylene (co)polymer satisfying above described relations between the intrinsic viscosity and MFR is char- 
acterized by, for example, excellent mechanical strength of a molded product. 

[0268] (v^) Components having a molecular weight of 500,000 reduced to polyethylene measured by GPC-IR are 
generally not more than 5%, preferably not more than 3%, in the components to be eluted at 105°C or higher in a 
heating elution separation test. Such an ethylene (co)polymer slightly contains long chain branches and is excellent 
25 mechanical strength. 

[0269] (vi A2 ) The components eluted at 105°C or higher in a heating elution separation test are generally not more 
than 5% by weight, preferably not more than 4%, in the case the comonomer content is 1 .5 mole% or higher and the 
components to be eluted at 1 06°C or higher in a heating elution separation test are generally 8% by weight or lower, 
preferably 7% by weight, in the case the comonomer content is less than 1.5 mole%, preferably not less than 0.4 
30 mole% and less than 1 .5 mole%, 

[0270] Such an ethylene (co)polymer satisfying above described requirements slightly contains ethylene homopol- 
yrner components and is excellent mechanical strength. 

[0271] (vli/^) The components having a molecular weight of 1 0,000 reduced to polyethylene measured by GPC-IR 
among components precipitated by dissolving the ethylene (co)polymer in p-xylene at 130°C and then precipitating 
35 the dissolved components in a poor solvent after cooling to 75*C are generally 30% or lower, preferably 25% or lower, 
more preferably 20% or lower in the precipitated components. It is especially preferable to satisfy the above described 
requirements in the case the comonomer content is 0.8 to 3.0 mole%. Such an ethylene (co)polymer satisfying above 
described requirements slightly contains components having a large amount of comonomers and Is excellent mechan- 
ical strength. 

40 [0272] (viii^) The components precipitated by dissolving the ethylene (co)polymer in p-xylene at 130°C and then 
precipitating the components in a poor solvent after cooling to 75°C are generally 15% or lower, preferably 12% or 
lower, in the whole ethylene (co) polymer. It is especially preferable to satisfy the above described requirements in the 
case the comonomer content in the ethylene (co)polymer (A2) is 0.8 to 3.0 mole%. 

[0273] Such an ethylene (co)polymer (A2) satisfying above described requirements slightly contains components 
is having a large amount of comonomers and components having extremely low molecular weight and is excellent me- 
chanical strength. 

[0274] (ix^) The components having a molecular weight of 1 0,000 reduced to polyethylene measured by GPC-IR 
among components precipitated by dissolving the ethylene (co)polymer in p-xylene at 130°C and then precipitating 
the dissolved components in a poor solvent after cooling to 75°C are generally 5% or lower, preferably 3% or lower, 
50 in the whole ethylene (co)polymer. It is especially preferable to satisfy the above described requirements in the case 
the comonomer content is 0.8 to 3.0 mole%. 

[0275] Such an ethylene (co)polymer satisfying above described requirements slightly contains components having 
a large amount of comonomers and is excellent mechanical strength. 

55 (*A2) The decane-soluble components (W (% by weight)) at 23°C and the density (d (g/cm 3 )) satisfy the following 

relations; 

W < 80 x exp(-100 x (d - 0.88)) + 0.1 , preferably 

W < 60 x exp(-l00 x (d - 0.88)) + 0.1 in the case MFR < 10 g/10 minutes and 
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W<80 x (MFR-9) a26 x exp(-100 x (d - 0,88)) + 0.1 in the case MFR > 10 g/10 minutes. 

[0276] Such an ethylene (co) polymer satisfying above described requirements is excellent mechanical strength and 
is slightly sticky. 

s [0277] (xi A2 ) The number of branches having a length equivalent to that of hexyl or longer measured by 13 C-NMR 
is generally less than 0.1 , preferably less than 0.03, per 1 ,000 of carbon atoms. 

[0278] In the case long chain branches exist, they are detected as branches having a length equivalent to that of 
hexyl or longer, and if long chain branches exist, the mechanical strength is lowered. Consequently, an ethylene (co) 
polymer satisfying above described requirements is excellent mechanical strength. 
10 [0279] (xii^) The ratio Mw/Mn of the weight average molecular weight (Mw) and the number average molecular 
weight (Mn) calculated from the logarithmic normal distribution produced by distributing molecular weight distribution 
curves measure by gel permeation chromatography to two same logarithmic normal distribution curves is generally 
within a range of 3 to 8, preferably 3.5 to 7. 

15 (xiii^) There exist components to be eluted at 1 09°C or higher in a heating elution separation test and the intrinsic 

viscosity ([t|) (dl/g)) measured at 1 35°C in decalin and the density (d (g/cm 3 )) of the components satisfy the following 
relation; 

d >0.0003 X h] 2 - 0.0121 x fa] + 0.9874, preferably 
d >0.001 x fa] 2 - 0.0145 x fa] + 0.9900. 

20 

[0280] Thecomponents eluted at 1 09°C or higher have the intrinsic viscosity measured at 135°C in decalin preferably 
within a range of 0.3 to 1 .5 dl/g. 

[0281] Additionally, the components eluted at 1 09°C or higher are within a range of 1 to 90% by weight, preferably 
1 to 75% by weight. 

25 [0282] The ethylene (co)polymer (A2) satisfying above described requirements comprises, for example, an ethylene 
(co)polymer (A2-1 ) described below and an ethylene (co)polymer (A2-2) and contains an ethylene (co)polymer (A2-1 ) 
in 1 0 to 90 parts by weight, preferably 25 to 75 parts by weight and the ethylene (co)polymer (A2-2) in 1 0 to 90 parts 
by weight , preferably 25 to 75 parts by weight (wherein, (A2 - 1 ) + (A2-2) = 1 00 parts by weight). 
[0283] An ethylene (co)polymer (A2-1) is an ethylene homopolymer or a random copolymer of ethylene and an a- 

30 olefin of 4 to 20 carbon atoms. Examples of ct-olefins of 4 to 20 carbon atoms are a straight chain or branched a-olefin 
of 4 to 20 carbon atoms as same as described above and a cyclic olefin of 4 to 20 carbon atoms as same as described. 
Among them, 1 -butene or 1 -hexene is preferable. 

[0284] It is desirable for the ethylene (co)polymer (A2-1) to contain generally 50 to 100% by weight, preferably 55 
to 100% by weight, further preferably 65 to 100% by weight, and most preferably 70 to 100% by weight of a repeated 
35 unit derived from ethylene and 0 to 50% by weight, preferably 0 to 45% by weight, further preferably 0 to 35% by weight, 
and especially preferably 0 to 30% by weight of a repeated unit derived from a-olefin. 

[0285] In addition to above described requirements, the ethylene (co)polymer (A2-1 ) satisfies the following require- 
ments (i^) to (iiiA2-i). preferably (l^) to (iv A2 . 

40 0*2- 1) The intrinsic viscosity (fa] A 2-i) measured in decalin at 135°C within a range of generally 0.3 to 2.5 dl/g and 

preferably 0.4 to 1.5 dl/g. 

( n A2-i) Tne number of methyl branches measured by 13 C-NMR is generally less than 0.1 , preferably less than 0.08, 
per 1 ,000 of carbon atoms. 

(i'iA2-i) Mw/Mn measured by GPC is within a range of generally 3 to 8 and preferably 3.5 to 7. 
45 ( iv A2-i) Tne intrinsic viscosity (fa],^ (dl/g)) measured in decalin at 135 Q C and the melt flow rate (MFR (g/10 

minutes) measured under 2.1 6 kg load at 1 90°C satisfy the following relations; 
faUa-i > 1 -85 x MFR -0 ' 192 , preferably fa]^^ > 1 .95 x MFR -0 - 1d2 , in the case of MFR < 1 and 
Ma2-i > 1 -85 x MFR-0-213 preferably fa]^^ > 1 .95 x MFR-°-2i3 t in the case of MFR ;> 1 . 

50 [0286] It is preferable for the ethylene (co)polymer (A2-1) to satisfy the following requirements described below, in 
addition to above described requirements. 

[0287] In the case the intrinsic viscosity measured at 1 35°C in decalin is 0.3 to 1 .5 dl/g, preferably 0.4 to 1 .0 dl/g, 
and more preferably 0.5 to 0.9 dl/g, the intrinsic viscosity (fa] (dl/g)) and the density (d (g/cm 3 )) satisfy the following 
relation; 

55 

d £0.0003 x fa] 2 - 0.0121 x fa] + 0.9874, preferably 
d £0.0010 X fa] 2 - 0.0145 X fa] + 0.9900. 
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[0288] In the case the intrinsic viscosity and the density of an ethylene (co)polymer (A2-1 ) satisfies above described 
relations, the ethylene (co)polymer is especially excellent in rigidity. 

[0289] An ethylene (co)poiymer (A2-2) is either ethylene homopolymer or a random copolymer of ethylene and an 
a-olefin of 4 to 20 carbon atoms. Examples of a-olefins of 4 to 20 carbon atoms are a straight chain or branched cc- 
5 olefin of 4 to 20 carbon atoms as same as described above and a cyclic olefin of 4 to 20 carbon atoms as same as 
described. Among them, 1-butene or 1-hexene is preferable. 

[0290] It is desirable that the ethylene (co)polymer (A2-2) contains generally 50 to 1 00% by weight, preferably 55 to 
100% by weight, further preferably 65 to 100% by weight, and most preferably 70 to 100% by weight of a repeated 
unit derived from ethylene and 0 to 50% by weight, preferably 0 to 45% by weight, further preferably 0 to 35% by weight, 
io and especially preferably 0 to 30% by weight of a repeated unit derived from a-olefin. 

[0291] The ethylene (co)polymer (A2-2) satisfies the following requirements (^.2) t0 (^A2-2)» preferably (^.2) to 
(iv A2 . 2 ). >n addition to above described requirements. 

(U2-2) The intrinsic viscosity (MA2-2) measured in decalin at 135°C is within a range of generally 2.0 to 20 dl/g and 
15 preferably 2.5 to 10 dl/g, 

("A2-2) The number of methyl branches measured by 13 C-NMR is generally less than 0.1 , preferably less than 0.08, 
per 1 ,000 of carbon atoms. 

(iii A2 . 2 ) Mw/Mn measured by GPC is within a range of generally 3 to 8 and preferably 3.5 to 7. 
OVA2-2) The intrjns ' c viscosity (MA2-2 (dl/g)) measured in decalin at 135°C and the melt flow rate (MFR (g/10 
20 minutes) measured under 2.1 6 kg load at 1 90°C satisfy the following relations; 

[T1W2 > 1 -85 x MFR-0-192, preferably fr]^ > 1 .95 x MFR-o^ j n the case of MFR < 1 and 
Ma2-2 > 1 .85 x MFR*0'213, preferably ft)^ > 1.95 x MFR-°-2i3 f j n the case of MFR s 1 . 

[0292] The intrinsic viscosity ([ti]a2-i) of the above described ethylene (co)polymer (A2-1 ) and the intrinsic viscosity 
25 ([ t i1a2-2) of the above described ethylene (co)polymer (A2-2) satisfy faWi < MA2-2- 

[0293] The measurement methods for above described physical properties will be described later. 

Production method of the ethylene (co)polymer (A2) 

30 [0294] The above described ethylene (co)polymer (A2) can be produced by polymerizing solely ethylene or copoly- 
merizlng ethylene and an a-olefin of 4 to 20 carbon atoms in the presence of, for example, an olefin polymerization 
catalyst similar to that to be employed for production of the ethylene (co)polymer (A1). 

[0295] At the time of polymerization, methods described below are applicable while the manner of using respective 
components and the order to add the components are optional; 

35 

(1) a method by adding a component (al) and a component (b) in optional order to a polymerizer; 

(2) a method by adding catalyst components comprising a carrier (c) bearing a component (a1 ) and a component 
(b) in optional order to a polymerizer; 

(3) a method by adding catalyst components comprising a carrier (c) bearing a component (b) and a component 
40 (a1) in optional order to a polymerizer; and 

(4) a method by adding catalyst components comprising a carrier (c) bearing both of a component (a1) and a 
component (b) to a polymerizer. 

[0296] In above described respective methods (1) to (4), at least two of respective catalyst components may previ- 
4$ ously be brought into contact with one another 

[0297] In above described respective methods (3), (4) in which the component (b) Is deposited on a carrier, a com- 
ponent (b) which is not deposited on a carrier may be added optionally In an optional order. In that case, the components 
(b) may be the same or different to each other. 

[0298] In solid catalyst components comprising the carrier (c) bearing the component (a1) and the component (b), 
so an olefin may previously polymerized and catalyst components may further be deposited on the previously polymerized 
solid catalyst components. 

[0299] Polymerization may be carried out by any one of the methods; liquid-phase polymerization methods such as 
solution polymerization and suspension polymerization and gas-phase polymerization methods. Among the methods, 
suspension polymerization is preferable. 
55 [0300] As an inert hydrocarbon solvent to be used for a liquid-phase polymerization, the same inert hydrocarbon 
solvents to be employed for production of above described ethylene (co)polymer (A1 ) are concrete examples and an 
olefin Itself may be used as a solvent. 

[0301] At the time of carrying out (co) polymerization using such an olefin polymerization catalyst, a component (a1 ) 
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is so added as to keep the concentration generally 1 0" 12 to 1 0* 2 mole, preferably 1 0* 10 to 1 0* 3 mole, per 1 liter of the 
reaction volume. 

[0302] A component (b-1) to be used optionally is so added as to keep the mole ratio ((b-1)/M) of the component 
(b1) and a transition metal (M) in a component (at) within generally 0.01 to 100,000 and preferably 0.05 to 50,000. 
5 [0303] A component (b-2) to be used optionally Is so added as to keep the mole ratio ((b-2)/M) of aluminum atom in 
the component (b-2) and a transition metal (M) in a component (a1) within generally 10 to 500,000 and preferably 20 
to 100,000. 

[0304] A component (b-3) to be used optionally is so added as to keep the mole ratio ((b-3)/M) of the component (b- 
3) and a transition metal (M) in a component (a1) within generally 1 to 10 and preferably 1 to 5. 

10 [0305] A component (d) to be used optionally is so added as to keep the mole ratio ((d)/(b-1)) within generally 0.01 
to 1 0 and preferably 0.1 to 5 in the case a component (b) is a component (b-1 ); the mole ratio ({d)/(b-2» within generally 
0.001 to 2 and preferably 0.005 to 1 in the case a component (b) is a component (b-2); and the mole ratio ((d)/(b-3)) 
within generally 0.01 to 10 and preferably 0.1 to 5 in the case a component (b) is a component (b-3). 
[0306] The polymerization temperature in the case of using such an olefin polymerization catalyst is generally -50 

15 to +250°C, preferably 0 to 200°C, and especially preferably 60 to 170°C. The polymerization pressure is generally a 
normal pressure to 100 kg/cm 2 and preferably a normal pressure to 50 kg/cm 2 : and the polymerization reaction may 
be carried out by any method such as batch type, semi-continuous, and continuous methods. The polymerization can 
be carried out separately in two or more steps in different reaction conditions, and two or more multi-step polymerization 
is preferable. 

20 [0307] In the case an ethylene (co)polymer (A2) is produced, for example, in two steps, an ethylene (co)polymer 
having an intrinsic viscosity of 0.3 to 2.5 dl/g is produced in the prior step and an ethylene (co)polymer having an 
intrinsic viscosity of 2.0 to 20 dl/g is produced in the posterior step. 

[0308] The molecular weight of a produced ethylene (co)polymer (A2) can be adjusted either by making hydrogen 
exist in the polymerization system or changing the polymerization temperature. Further, the molecular weight can be 

25 adjusted owing to the difference of components (b) to be used. 

[0309] In the case an ethylene (co)polymer (A2) comprises an ethylene (co)polymer (A2-1) and an ethylene (co) 
polymer (A2-2), it can be produced by, for example, forming the ethylene (co)polymer (A2-1) and the ethylene (co) 
polymer (A2-2) using one polymerization apparatus in two- or more-step polymerization under different reaction con- 
ditions. Particularly, in two-step polymerization process, the ethylene (co)polymer (A2-1) is formed by polymerization 

30 in the prior step and the ethylene (co)polymer (A2-2) in the posterior step. Or, the ethylene (co)polymer (A2-2) is formed 
in the prior step and the ethylene (co)polymer (A2-1) in the posterior step. 

[0310] Further, using a plurality of polymerization apparatuses, the ethylene (co)polymer (A2-1 ) is formed by polym- 
erization in one polymerization apparatus and then the ethylene (co)polymer (A2-2) Is formed by polymerization in 
another polymerization apparatus in the presence of the ethylene (co)polymer (A2-1). Or, the ethylene (co)polymer 
35 (A2-2) is formed by polymerization In one polymerization apparatus and then the ethylene (co)polymer (A2-1 ) is formed 
by polymerization in another polymerization apparatus in the presence of the ethylene (co)polymer (A2-2). 
[0311] The polymerization conditions in an ethylene (co)polymer (A2) comprising the ethylene (co)polymer (A2-1 ) 
and the ethylene (co)polymer (A2-2) are within ranges of the production conditions for above prescribed ethylene (co) 
polymer. 

40 [031 2] An ethylene (co)polymer (A2) comprising the ethylene (co)polymer (A2-1 ) and the ethylene (co)polymer (A2-2) 
can also be produced by a method described below. 

(1 ) A method by mechanically blending an ethylene (co)polymer (A2-1 ), an ethylene (co)polymer (A2-2), and other 
components to be added optionally by an extruder, a kneader, or the like. 

(2) A method by dissolving an ethylene (co)polymer (A2-1 ), an ethylene (co)polymer (A2-2), and other components 
to be added optionally in a good solvent (e.g. hydrocarbon solvents such as hexane, heptane, decane, cyclohex- 
ane, benzene, toluene, xylene, and the likes) and then removing the solvent. 

(3) A method by separately dissolving an ethylene (co)polymer (A2-1), an ethylene (co)polymer (A2-2), and other 
components to be added optionally in proper good solvents, mixing the resultant respective solutions, and then 

so removing the solvents. 

(4) A method by combining the methods (1) to (3). 

Ethylene (co)polymer (A3) 

55 [031 3] An ethylene (co)polymer (A3) Is an ethylene homopolymer or a random copolymer of ethylene and an a-olefin 
of 3 to 20 carbon atoms. 

[0314] The a-olefin of 3 to 20 carbon atoms may be, for example, a straight chain or branched a-olefin of 3 to 20 
carbon atoms such as propylene, 1-butene, 1-pentene, 3-methyM-butene, 1-hexene, 4-methyl-1-pentene, 3-methyl- 
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1-pentene, 1-octene, 1-decene, 1-dodecene, 1-tetradecene, 1-hexadecene, 1-octadecene, and 1-eicocene; and a cy- 
clic olefin of 3 to 20 carbon atoms such as cyclopentene, cycloheptene, norbomene, 5-methyl-2-norbornene, tetracy- 
clododecene, 2-methyl-1 t 4,5,8-dimethano-1 ,2,3,4,4a,5,8,8a-octahydronaphthalene. 

[0315] The ethylene (co)polymer (A3) Is preferably an ethylene homopolymer or a copolymer of ethylene and an a- 
5 olefin of 4 to 20 carbon atoms. 

[0316] It Is desirable for the ethylene (co)polymer (A3) to have intrinsic viscosity generally not lower than 1 .0 dl/g, 
preferably 2.0 to 40.0 dl/g and Mw/Mn value measured by GPC generally not lower than 5.5, preferably within a range 
of 20.0 to 100.0. 

[0317] The ethylene (co)polymer (A3) contains generally 50 to 100% by weight, preferably 55 to 100% by weight, 
10 further preferably 65 to 100% by weight, and most preferably 70-100% by weight of a repeated unit derived from 
ethylene and 0 to 50% by weight, preferably 0 to 45% by weight, further preferably 0 to 35% by weight, and most 
preferably 0 to 30% by weight of a repeated unit derived from a-oiefin of 3 to 20 carbon atoms. 
[0318] The ethylene (co)polymer (A3) is 

15 (U3) the me,t tension (MT (g)) at 190°C and the swell ratio (SR) calculated from the strand diameter extruded at 

190°C satisfying the following relation; 

log(MT) > 12.9 - 7.15 X SR and preferably log(MT) > 13.3 - 7.15 x SR. 

[031 9] An ethylene (co)polymer having MT and SR satisfying above described relations is characterized by excellent 
20 bubble stability at the time of inflation molding. 
[0320] The ethylene (co)polymer (A3) also is 

(»A3) the intrinsic viscosity (ft] (dl/g)) measured in decalin at 135°C and the melt flow rate (MFR (g/10 minutes) 
measured under 2.16 kg load at 190°C satisfying the following relations; 
25 ft] > 1 .85 x MFR" 0 - 192 . preferably ft] > 1 .95 x MFR' 0 - 192 , in the case of MFR < 1 and 

ft] > 1 .85 x MFR* 0 - 213 , preferably ft] > 1 .95 x MFR' 0 - 213 , in the case of MFR £ 1 . 

[0321] An ethylene (co)polymer having the intrinsic viscosity and MFR satisfying above described relations is char- 
acterized by, for example, excellent mechanical strength of a molded product. 
30 [0322] It is preferable for the ethylene (co)polymer (A3) to satisfy at least one of the following requirements (iii^) to 
(vii A3 ) In addition to the above described requirements (i^) and (ii A3 ). 

[0323] (lii A3 ) The weight average molecular weight (Mw) measured by GPC and the swell ratio (SR) calculated from 
the strand diameter extruded at 1 90 Q C satisfy the following relation; SR > 4.55 - 0.56 x log(Mw), preferably SR > 4.60 
- 0.56 x log(Mw). 

35 [0324] A polymer having the Mw and SR satisfying above described relations is characterized by, for example, blow 
moldability and excellent weld strength of a blow-molded product. 

[0325] (iv A3 ) The number average molecular weight (Mn), the weight average molecular weight (Mw), and the Z 
average molecular weight (Mz) measured by GPC satisfy the following relations; Mz/Mw £ 7/(1 - 5.5/(Mw/Mn)) and 
Mw/Mn > 5.5. 

40 [0326] Especially preferably the following requirement (iv A3 ) is satisfied; the number average molecular weight (Mn), 
the weight average molecular weight (Mw), and the Z average molecular weight (Mz) measured by GPC satisfy the 
following relation; Mz/Mw £ 5/(0.7 - 6.45/(Mw/Mn) + 3) and Mw/Mn > 6.3. 

[0327] An ethylene (co)polymer having the number average molecular weight (Mn), the weight average molecular 
weight (Mw), and the Z average molecular weight (Mz) satisfying above described relations is characterized by, for 
45 example, blow moldability and inflation film moldability. 

[0328] (v^) The number of the vinyl groups at the molecular terminals calculated by conversion to that per one 
molecularchain having the same molecular weight as the number average molecular weight is 0.50 or higher, preferably 
0.60 or higher. 

[0329] The number of vinyl groups at the molecular terminals is generally 1 .0 or lower. 
so [0330] In the case the vinyl groups at the molecular terminals are within the above described ranges, the ethylene 
(co)polymer is easy to be modified and is high adhesion strength to other resin. Also, a composition containing the 
ethylene (co)polymer comprising the vinyl groups at the molecular terminals within the above described ranges tends 
to have high adhesion strength to other resin. 

[0331] (vi A3 ) The number of methyl branches measured by 13 C-NMR is less than 0.1 per 1,000 of carbon atoms. 
55 The ethylene (co)polymer satisfying such a requirement is an ethylene homopolymer or a copolymer of ethylene and 
an cc-olef in of 4 to 20 carbon atoms. 

[0332] An ethylene (co)polymer satisfying such a requirement is a rigid crystal structure and therefore is excellent 
mechanical strength. 
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( vji A3) The number average molecular weight (Mn), the weight average molecular weight (Mw), and the Z average 
molecular weight (Mz) measured by GPC satisfy the following relations; 
Mz/Mw £ 4/(0.5 - 4.50/((Mw/Mn) - 0.2)), preferably 

Mz/Mw £ 4.2/(0.5 - 4.50/((Mw/Mn) - 0.2)) and Mw/Mn > 9.2, preferably Mw/Mn > 12.0. 

5 

[0333] It is desirable for an ethylene (co)polymer to have Mz/Mw measured by GPC which does not exceed Mw/Mn. 
[0334] A polymer having Mn, Mw, and Mz satisfying above described relations is characterized by, for example, 
excellent blow moldabilrty and inflation film moldability. 

[0335] In the case a molded product is produced from an ethylene (co)polymer (A3), fish eyes, besides fish eyes 
10 having cores of fibers and the likes, are scarcely generated. For example, not more than 20 fish eyes (except fish eyes 
having cores of fibers and the likes), preferably practically no fish eyes, are observed with eyes in the case a film of 
3.5 cm width and 60 |im thickness is formed using a capillary rheometer and eye observation of the film is carried out 
in the range of 3.0 cm width and 20 cm length. 

[0336] The methods for measuring above described physical properties will be described below. 

15 

Production method of the ethylene (co)polymer (A3) 

[0337] The above described ethylene (co)polymer (A3) can be produced by polymerizing solely ethylene or copoly- 
merizing ethylene and an a-olefin of 3 to 20 carbon atoms in the presence of, for example, an olefin polymerization 
20 catalyst described below. 

[0338] An olefin catalyst to be employed for an ethylene (co)polymer (A3) of the present invention comprises 

(a2) a transition metal compound having either one of general formulas (VII) to (IX) described below and 
(b-2) an organoaluminum oxy compound. 

25 

[0339] The respective catalyst components constituting such an olefin polymerization catalyst will be described be- 
low, 

(a2) A transition metal compound 

30 

[0340] The transition metal compound (a2) is defined as any one of the general formulas (VII) to (IX) below. 
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45 




so (VII) 



(wherein, N ... Zr generally means coordination and in the present invention, N and Zr may or may not be coordinated; 
the same in the general formulas (VIII) and (IX) described blow). 
55 [0341] Where, m denotes an integer of 1 or 2, preferably 2: R 1 denotes an aromatic hydrocarbon group, particularly, 
an aryl group of 6 to 30, preferably 6 to 20 carbon atoms such as phenyl, benzyl, naphthyl, biphenyl, terphenyl, phen- 
anthryl, anthryl, or the like; and an alkyi-substituted aryl group such as tolyl, iso-propylphenyl, tert-butylphenyl, dimeth- 
ylphenyl, di-tert-butylphenyl, or the like. 
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[0342] R 2 to R 5 may be the same or different to one another and denote hydrogen atom or a hydrocarbon group, 
particularly, a straight chain or branched alky I group of 1 to 30, preferably 1 to 20 carbon atoms such as methyl, ethyl, 
n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl, neopentyl, n-hexyl, or the like; a straight chain or branched 
alkenyl group of 2 to 30, preferably 2 to 20 carbon atoms such as vinyl, aliyl, isopropenyl, or the like; a straight chain 

5 or branched alkynyl group of 2 to 30, preferably 2 to 20 carbon atoms such as ethynyl, propargyl, or the like: a cyclic 
saturated hydrocarbon group of 3 to 30, preferably 3 to 20 carbon atoms such as cyclopropyl, cyclobutyl, cyclopentyl, 
cyclohexyl, adamantyl, or the like; a cyclic unsaturated hydrocarbon group of 5 to 30 carbon atoms such as cyclopen- 
tadienyl, indenyl, fluorenyl, or the like; an aryl group of 6 to 30, preferably 6 to 20 carbon atoms such as phenyl, benzyl, 
naphthyl, biphenylyl, terphenylyl, phenanthryl, anthryl, or the like; and an alkyl-substituted aryl group of 1 to 30 carbon 

10 atoms such as tolyl, iso-propylphenyl, tert-butylphenyl, dimethylphenyl, di-tert-butylphenyl, or the like. Further, the 
above described hydrocarbon groups may have other hydrocarbon group substltuents and examples of the hydrocar- 
bon group-substituted hydrocarbons are aryl -substituted alkyl groups such as benzyl, cumyl, or the like. 
[0343] R 6 denotes a hydrocarbon group of 1 to 4 carbon atoms which is particularly methyl, ethyl, propyl or butyl. 
[0344] R 1 and R 6 may be the same or different to one another and among them, two or more groups, preferably 

is neighboring groups, may be bonded one another to form an alicyclic ring or an aromatic ring and these rings may 
further be substituted. 

[0345] In the case m is 2, two groups of R 1 to R 6 may bonded each other and also in the case m is 2, respective R 1 , 
respective R 2 , respective R 3 , respective R 4 , respective R 5 , and respective R B may be the same or different to each other. 
[0346] n denotes a number satisfying the valence of Zr (zirconium) and is particularly an integer of 2 to 4, preferably 2. 
20 [0347] X denotes hydrogen atom, a halogen atom, or a hydrocarbon group. In the case n is 2 or higher, respective 
X may be the same or different and respective X may be bonded one another to form a ring. Examples of the hydro- 
carbon groups are the same groups exemplified for above described R 2 to R s . As the halogen atom, fluorine, chlorine, 
bromine, and iodine are included. 

[0348] An ethylene (co)polymer satisfying the above described requirements (i A3 ) to (lii^), preferably the above 
25 described requirements (i^) to (iii A3 ) and at least one of the above described requirements (iv^) to (vi A3 ), can be 
produced using a transition metal compound having such a general formula (VII) by polymerization under conditions 
described below. 

[0349] Next, a transition metal compound (a2) having such a general formula (VIII) will be described below. 

30 
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(VIII) 

[0350] m denotes an integer of 1 or 2 and preferably 2. 
50 [0351] R 11 to R 15 may be the same or different to one another and each denotes hydrogen atom or a hydrocarbon 
group, and as the hydrocarbon group, particularly, hydrocarbon groups as same as those exemplified for R 2 to R 5 are 
exemplified. 

[0352] The hydrocarbon group may be substituted by other hydrocarbon groups and as the hydrocarbon group sub- 
stituted by other hydrocarbon groups, aryl-substituted alkyl groups such as benzyl, cumyl, or the like can be exemplified. 
55 [0353] R 14 denotes an alkyl group of 1 to 8 carbon atoms preferably selected from methyl, ethyl, n-propyl, isopropyl, 
n-butyl, isobutyl, sec-butyl, tert-butyl, neopentyl, n-hexyl, or the like and methyl group is particularly preferable. 
[0354] R 16 denotes a hydrocarbon group of 5 to 30 carbon atoms, particularly, a straight chain or branched alkyl 
group of 5 to 30, preferably 5 to 20 carbon atoms such as n-pentyl, neopentyl, n-hexyl, n-heptyl, n-octyl or the like; a 
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hydrocarbon group of 5 to 30, preferably 5 to 20 carbon atoms and having an alicyciic skeleton such as cyclopentyl, 
cyclohexyl, norbonyl, adamantyl, or the like; an aryl group of 6 to 30, preferably 6 to 20 carbon atoms such as phenyl, 
benzyl, naphthyl, biphenylyl, triphenylyl, fluorenyl, anthryl, phenanthryl, or the like; and a group (e.g. cumyl) selected 
from these groups and substituted by a hydrocarbon group of 1 to 30 carbon atom, preferably an alkyl group of 1 to 
5 20 carbon atoms and an aryl group of 6 to 30, preferably 6 to 20 carbon atoms. 

[0355] R 16 Is preferably a hydrocarbon group of 5 to 30 carbon atoms and having an alicyciic skeleton such as 
cyclopentyl, cyclohexyl, norbonyl, adamantyl, or the like; more preferably a hydrocarbon group of 5 to 20 carbon atoms 
and having an alicyciic skeleton; and especially preferably adamantyl. 

[0356] R 11 and R 16 may be the same or different to one another and among them, two or more groups, preferably 
w neighboring groups, may be bonded one another to form an alicyciic ring or an aromatic ring and these rings may 
further be substituted. 

[0357] In the case m is 2, two groups of R 11 to R 16 may bonded each other and also in the case m is 2, respective 
R 11 , respective R 12 , respective R 13 , respective R 14 , respective R 15 , and respective R 16 may be the same or different 
to each other. 

15 [0358] n denotes a number satisfying the valence of Zr and is particularly an integer of 2 to 4, preferably 2. 
[0359] X can be defined as same as X in the above described general formula (VII). 

[0360] As the transition metal compound of the general formula (VIM), compounds having the formula wherein m is 
2 and R 16 is a hydrocarbon group of 5 to 30 carbon atoms and having an alicyciic skeleton are preferable, and among 
them, those comprising methyl group as R 14 and adamantyl as R 16 are especially preferable. 
20 [0361] An ethylene (co)polymer satisfying the above described requirements (i A3 ) to (Wl^), preferably the above 
described requirements (i^) to (iii A3 ) and at least one of the above described requirements (iv^) to (vi A3 ), can be 
produced using a transition metal compound having such a general formula (VIII). 

[0362] Next, a transition metal compound (a2) having such a general formula (IX) will be described below. 

25 
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(IX) 

45 [0363] m denotes an integer of 1 or 2 and preferably 2. 

[0364] R 21 denotes a aromatic hydrocarbon group which may be substituted by substituent groups and desirably an 
aromatic hydrocarbon group of 6 to 30, preferably 6 to 20 carbon atoms such as phenyl, benzyl, naphthyl, biphenylyl, 
terphenyryl, phenanthryl, anthryl, or the like. 

[0365] The substituent groups which R 21 may comprise are not specifically limited, and include halogen atoms, 
so hydrocarbon groups, oxygen-containing groups, nitrogen-containing groups, halogen-containing groups, hydrocarbon 
groups having oxygen-containing groups, hydrocarbon groups having nitrogen-containing groups, and hydrocarbon 
groups having halogen-containing groups. 

[0366] As halogen atoms, fluorine, chlorine, bromine, and iodine can be exemplified. 

[0367] As the hydrocarbon groups, those groups exemplified for R 2 to R 5 can be exemplified. The hydrocarbon 
55 groups may be substituted by halogen for hydrogen atoms and halogen-substituted hydrocarbon groups include, for 
example, a halogenated hydrocarbon group of 1 to 30, preferably 1 to 20 carbon atoms such as trifluoromethyl, pen- 
tafluorophenyl, chlorophenyl, or the like. 

[0368] Further the hydrocarbon groups may be substituted by other hydrocarbon groups and hydrocarbon groups 
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substituted by other hydrocarbon groups include an aryl-substituted alkyl group such as benzyl, cumyl, or the like. 
[0369] Of the examples of the hydrocabon groups, especially preferable are alkyl groups having 1 to 30 carbon 
atoms, preferablely linear or chain-branched alkyl groups having 1 to 20 carbon atoms, such as methyl, ethyl, n-propyl, 
isopropyl, n-butyl, isobutyl, sec-butyl, 1 -butyl, neopentyl and n-hexyl; aryl groups having 6 to 30 carbon atoms, pref- 

5 erably 6 to 20 carbon atoms, such as phenyl, naphtyl, blphenylyl, terphenylyl, phenanthryl and anthryl; and substituted 
aryl groups where 1 to 5 of such substituents are substituted as alkyl groups having 1 to 30 carbon atoms, preferably 
1 to 20 carbon atoms, and an aryl groups having 6 to 30 carbon atoms, preferably 6 to 20 carbon atoms. 
[0370] As the hydrogen containing groups, the nitrogen containg groups and halogen containing groups there can 
be exmplified an alkoxy group, an aryloxy groups, an acyl group, an ester group, an amido group, an imido group, an 

10 amino group, an imino group, a cyano group, a nitro group, a carboxyl group, a hydroxy group, etc. 

[0371] Examples of the alkoxy group include methoxy, ethoxy, n-propoxy, isopropoxy, n-butoxy, isobutoxy and tert- 
butoxy. 

[0372] Examples of the alyloxy groups include phenoxy, 2,6-dlmethylphenoxy and 2,4,6-trimethylphenoxy. 
[0373] The acyl groups are, for example, a formyl group, an acethyl group, a benzoyl group, a p-chlorobenzoyl group, 
15 a p-methoxybenzoyl group. 

[0374] Examples of the ester groups include acethyloxy, benzoyloxy, methoxycarbonyl, phenoxycarbonyl, and p- 
chlorophenoxycarbonyl. 

[0375] The amido groups include, for example, acetamide, N-methylacetamide and N-methylbenzamido. 
[0376] As imido groups there can be examplified acetimido and benzimido. 

20 [0377] Examples of the amino groups include dimethylamino, ethylmethylamino and diphenylamino. 

[0378] The imino groups are, for example, methylimino, ethylimino, propylimino, butylimino and phenylimino. 
[0379] The hydrocarbon groups having oxygen-containing groups include above described hydrocarbon groups sub- 
stituted by the oxygen-containing groups; the hydrocarbon groups having nitrogen -containing groups include above 
described hydrocarbon groups substituted by the nitrogen -containing groups; and the hydrocarbon groups having hal- 

25 ogen-containing groups include above described hydrocarbon groups substituted by the halogen-containing groups. 
[0380] R 22 to R 25 may be the same or different to one another and respectively denote a hydrogen atom, a halogen 
atom, a hydrocarbon group, an oxygen-containing group, a nitrogen -containing group, a halogen-containing group, a 
hydrocarbon group having oxygen-containing groups, a hydrocarbon group having nitrogen -containing groups, and a 
hydrocarbon group having halogen-containing groups. 

so [0381] As the halogen atom, the hydrocarbon group, the oxygen-containing group, the nitrogen-containing group, a 
halogen-containing group, the hydrocarbon group having oxygen-containing groups, the hydrocarbon group having 
nitrogen-containing groups, and the hydrocarbon group having halogen-containing groups, those exemplified as the 
substituent groups which R 21 is allowed to comprise can be exemplified. 

[0382] In a transition metal compound having the above described general formula (IX), one or more of thesubstituent 
35 groups which R 21 has and groups denoted as R 22 to R 25 are respectively a halogen atom, an oxygen-containing group, 
a nitrogen-containing group, a halogen-containing group, a hydrocarbon group having oxygen-containing groups, a 
hydrocarbon group having nitrogen-containing groups, or a hydrocarbon group having halogen-containing groups. 
[0383] One or more of the substituent groups which R 21 has and groups denoted as R 22 to R 25 are preferably sub- 
stituent groups selected from an aryloxy group, an amino group, an imino group : a cyano group, or a nitro group or a 
*o hydrocarbon group having these substituent groups. 

[0384] Further, it is also preferable that one of the substituent groups which R 21 has and groups denoted as R 22 to 
R 23 is an alkoxy group and one or more of the rest are substituent groups selected from an alkoxy group, an aryloxy 
group, an amino group, an imino group, acyano group, a nitro group, and a hydrocarbon group having these substituent 
groups. 

45 [0385] It is especially preferable that one or more of the substituent groups which R 21 has and groups denoted as 
R 22 to R 25 are substituent groups selected from an aryloxy group and amino group. 

[0386] R 2B is a hydrocarbon group. As the hydrocarbon group preferable for R 26 , the following groups are preferable 
examples; a straight chain or branched alkyl group of 1 to 30, preferably 1 to 20 carbon atoms such as methyl, ethyl, 
n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl, neopentyl, n-hexyl, orthe like; a cyclic saturated hydrocarbon 
50 group of 3 to 30, preferably 3 to 20 carbon atoms such as cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, adamantyl, 
or the like; an aryl group of 6 to 30, preferably 6 to 20 carbon atoms such as phenyl, benzyl, naphthyl, blphenylyl, 
triphenylyl, or the like; and one of these group substituted by alkyl groups of 1 to 30, preferably 1 to 20 carbon atoms 
or by aryl groups of 6 to 30, preferably 6 to 20 carbon atoms. 

[0387] R 21 to R 26 may be the same or different to one another and among them, two or more groups, preferably 
55 neighboring groups, may be bonded one another to form an alicyclic ring, an aromatic ring, or a hydrocarbon ring 
containing hetero atoms such as nitrogen atom and these rings may further be substituted. 

[0388] In the case m is 2, two groups of R 21 to R 26 may bonded each other and also in the case m is 2, respective 
R 21 , respective R 22 , respective R 23 , respective R 24 , respective R 23 , and respective R 26 may be the same or different 
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to each other. 

[0389] n denotes a number satisfying the valence of Zr and is particularly an integer of 2 to 4, preferably 2. 
[0390] X can be defined as same as X in the above described general formula (VII). 

[0391] An ethylene (co)polymer satisfying the above described requirements (i^) to (iv A3 ), preferably the above 
5 described requirements (i A3 ) to (lv A3 ) and at least one of the above described requirements (v A3 ) to (vi A3 ), can be 
produced using a transition metal compound having such a general formula (IX). 

[0392] Concrete examples of transition metal compounds (a2) defined as the general formulas (VII) to (IX) will be 
described below and the transition metal compounds are not limited to those compounds. 



Me 
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[0393] The above exemplified compounds, Me denotes methyl group, Et denotes ethyl group, *Bu tert-butyl group, 
and Ph phenyl group. 

[0394] The method for producing the transition metal compound (a2) is not specifically restricted and, for example, 
45 the compound can be produced as described below. 

[039S] The transition metal compound (a2) can be synthesized by, for example, reaction of a compound (a ligand 
precursor) capable of forming a ligand and a zirconium compound of ? for example, ZrXk (X is the same as above 
defined X and k denotes the number satisfying the valence of Zr). 

[0396] The ligand precursor can be obtained by reaction of a salicylaldehyde compound and a primary amine com- 
so pound having a formula R 1 -NH 2 (R 1 is the same as R 1 of the above described general formula (VII).), for example, an 
aniline compound or an alky! amine compound. Particularly, the precursor can be obtained, for example, by dissolving 
both starting compounds in a solvent. As the solvent, a commonly used solvent for such a reaction is usable and 
especially an alcohol solvent such as methanol, ethanol, or the like or a hydrocarbon solvent such as toluene or the 
like is preferable. Then, the resultant solution is stirred for about 1 to 48 hours at from room temperature to reflux 
55 condition to obtain a corresponding ligand precursor at high production yield. 

[0397] Next, a corresponding transition metal compound (a2) can be synthesized by reaction of a ligand precursor 
produced in such a manner and a zirconium compound. Particularly, the synthesis is carried out by dissolving a syn- 
thesized ligand precursor in a solvent, bringing the resultant solution into contact with a base, if necessary, to produce 
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a phenoxide salt, and then mixing the produced substance with a metal compound such as a metal halide, an alkylated 
metal compound, or the like at a low temperature, and stirring the mixture at -78°C to a room temperature or in reflux 
condition for 1 to 48 hours. As the solvent to be used, a solvent commonly used for such a reaction can be usable and 
polar solvents such as ethers, tetrahydrofuran (THF), and the likes and a hydrocarbon solvent such as toluene are 
5 preferable. As the base to be used for producing the phenoxide salt, the following salts are preferable; a metal salt 
such as a lithium salt, e.g. n-butyllrthium, a sodium salt, e.g. sodium hydride, and an organic base, e.g. triethylamine, 
pyridine, or the like. 

[0398] An ethylene (co)polymer (A3) can be produced by polymerizing solely ethylene or copolymerizing ethylene 
and an a-olefin of 3 to 20 carbon atoms in the presence of such above described olefin polymerization catalyst similar 
10 in specified conditions. 

[0399] The polymerization method will be described below. 

[0400] Polymerization can be carried out by any one of the methods; liquid-phase polymerization methods such as 
solution polymerization and suspension polymerization and gas-phase polymerization methods. 
[0401] As an inert hydrocarbon solvent to be used for a liquid-phase polymerization, the same inert hydrocarbon 
15 solvents to be employed for producing above described ethylene (co)polymer (A1 ) are concrete examples and an olefin 
itself may be used as a solvent. 

[0402] At the time of carrying out (co)polymehzation using such an olefin polymerization catalyst, a transition metal 
compound (a2) is so added as to keep the concentration generally 10' 12 to 10* 2 mole, preferably 10- 10 to 10~ 3 mole, 
per 1 liter of the reaction volume. An organoaluminum oxy compound (b-2) is so added as to keep the mole ratio (Al/ 
20 Zr) of aluminum atom (A1) in the compound (b-2) and zirconium (Zr) of the transition metal compound (a2) within 
generally 10 to 500,000 and preferably 20 to 100,000. 

[0403] In the case of using such a transition metal compound (a2) defined as above described general formula (VII), 
polymerization is carried out at the polymerization temperature controlled to be generally 60°C or higher and preferably 
75°C or higher and the polymerization pressure controlled to be generally 3 to 1 00 kg/cm 2 and preferably 5 to 50 kg/ 
25 cm 2 . In the case of using such a transition metal compound (a2) defined as above described general formula (VIII) or 
(IX), polymerization is earned out at the polymerization temperature controlled to be generally 40°C or higher and 
preferably 50°C or higher and the polymerization pressure controlled to be generally 3 to 1 00 kg/cm 2 and preferably 
5 to 50 kg/cm 2 . 

[0404] The polymerization reaction may be earned out by any method such as batch type, semi-continuous, and 
30 continuous methods. 

[0405] The molecular weight of a produced ethylene (co)polymer (A3) can be adjusted either by making hydrogen 
exist in the polymerization system or changing the polymerization temperature. 

Ethylene (co)polymer (A4) 

35 

[0406] An ethylene (co)polymer (A4) of the present invention is an ethylene homopolymer or a random copolymer 
of ethylene and an a-olefin of 3 to 20 carbon atoms. 

[0407] The a-olefin of 3 to 20 carbon atoms may be, for example, a straight chain or branched a-olefin of 3 to 20 
carbon atoms as same as described above and a cyclic olefin of 3 to 20 carbon atoms as same as described above. 
4Q [0408] The ethylene (co)polymer (A4) is preferably an ethylene homopolymer or a copolymer of ethylene and an a- 
olefin of 4 to 20 carbon atoms. 

[0409] It is desirable for the ethylene (co)polymer (A4) to have intrinsic viscosity generally not lower than 1 .0 dl/g, 
preferably 2.0 to 40.0 dl/g. 

[0410] It is desirable for the ethylene (co)polymer (A4) to contain generally 50 to 100% by weight, preferably 55 to 
45 100% by weight, further preferably 65 to 100% by weight, and most preferably 70 to 100% by weight of a repeated 
unit derived from ethylene and 0 to 50% by weight, preferably 0 to 45% by weight, further preferably 0 to 35% by weight, 
and most preferably 0 to 30% by weight of a repeated unit derived from a-olefin. 
[041 1 ] The ethylene (co)polymer ( A4) is 

50 0A4) tne number average molecular weight (Mn), the weight average molecular weight (Mw), and the Z average 

molecular weight (Mz) measured by GPC satisfying the following relations; 
Mz/Mw 2 4/(0.5 - 4.50/((Mw/Mn) - 0.2)) and preferably 
Mz/Mw > 4.2/(0.5 - 4 40/((Mw/Mn) - 0.2)) and 
Mw/Mn > 9.2 and preferably Mw/Mn > 12.0. 

55 

[041 2] The desirable state of the ethylene (co)polymer (A4) satisfies that Mz/Mw measured by GPC does not exceed 
Mw/Mn. 

[0413] A polymer having Mn, Mw and Mz satisfying above described relations is characterized by, for example, blow 
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moldability and inflation film moldability. 

[041 4] It is preferable for the ethylene (co)polymer (A4) to satisfy the following requirements (iii^) to (vii^) described 
below, in addition to the above described requirements (i^). 

5 ( ll| A4> Tne me,t tensJon ( MT (9)) at 1 90 ° c and tne swe|1 ratl o (SR) calculated from the strand diameter extruded at 

190°C satisfying the following relations; 

log(MT) > 12.9 - 7.15 x SR and preferably log(MT) > 13.3 - 7.15 x SR. 

[0415] An ethylene (co)polymer having MT and SR satisfying above described relations is characterized by excellent 
10 bubble stability at the time of inflation molding. 

(iv A4 ) The intrinsic viscosity (fa] (dl/g)) measured in decaiin at 1 35°C and the melt flow rate (MFR (g/1 0 minutes) 
measured under 2.16 kg load at 190°C satisfying the following relations; 
fa] > 1.85 x MFR* 0 - 192 , preferably fa] > 1.95 x MFR* 0192 , in the case of MFR < 1 and 
15 fa] > 1 .85 x MFR-o.213 i preferably fa] > 1 .95 x MFR-O-213, in the case of MFR £ 1 . 

[0416] An ethylene (co)potymer having the intrinsic viscosity and MFR satisfying above described relations is char- 
acterized by, for example, with excellent mechanical strength of a molded product. 
[0417] Further in the ethylene (co)polymer (A4), 
20 (H^) The weight average molecular weight (Mw) measured by GPC and the sweil ratio (SR) calculated from the 

strand diameter extruded at 1 90°C satisfy the following relations; SR > 4.55 - 0.56 x log(Mw), preferably SR > 4.60 - 
0.56 x log(Mw). 

[0418] An ethylene (co)polymer having the Mw and SR satisfying above described relations is characterized by, for 
example, blow moldability and excellent weld strength of a blow-molded product. 
25 [0419] It is also preferable for the ethylene (co) polymer (A4) of the present invention to satisfy the following require- 
ments (v M ) and/or (vii^) described below, in addition to the above described requirements (i A4 ) or (i^) to (iv M ). 
[0420] (v M ) The number of the vinyl groups at the molecular terminals calculated by conversion to that per one 
molecular chain having the same molecular weight as the number average molecular weight is 0.50 or higher, preferably 
0.60 or higher. 

30 [0421] The number of vinyl groups at the molecular terminals is generally 1 .0 or lower. 

[0422] In the case the vinyl groups at the molecular terminals are within the above described ranges, the ethylene 
(co)polymer Is easy to be modified and is high adhesion strength to other resin. Also, a composition containing the 
ethylene (co)polymer comprising the vinyl groups at the molecular terminals within the above described ranges tends 
to have high adhesion strength to other resin. 

55 [0423] (vi A4 ) The number of methyl branches measured by 13 C-NMR is less than 0.1 per 1 ,000 of carbon atoms. 
[0424] An ethylene (co)polymer (A4) satisfying such a requirement is an ethylene homopolymer or a copolymer of 
ethylene and an a-olefin of 4 to 20 carbon atoms, 

[0425] An ethylene (co)polymer satisfying such a requirement is a rigid crystal structure and therefore is excellent 
mechanical strength. 

to [0426] (vH^i) Only 1 relative maximum value exists In the molecular weight distribution curve measured by GPC or 
at least 2 relative maximum values and at least 1 relative minimum value exist in the molecular weight distribution 
curve and in those cases, the intensity (W 1 ) of the relative minimum value and the lower intensity (W 2 ) of the relative 
the maximum values having the relative minimum value between them satisfy W 1 AW 2 £ 0.85, preferably W-jA/Vg £ 0.90. 
[0427] in the case 2 or more relative minimum values exit, all of the relative minimum values satisfy the above 

45 described relations. 

[0428] An ethylene (co)potymer having W 1 and W 2 satisfying above described relations is characterized by, for ex- 
ample, extrusion moldability and excellent mechanical strength of a molded product. 

[0429] In the case a molded product is produced from an ethylene (co)pofymer (A4), fish eyes, besides fish eyes 
having cores of fibers and the likes, are scarcely generated. For example, not more than 20 fish eyes (except fish eyes 
50 having cores of fibers and the likes), preferably practically no fish eye, are observed with eyes in the case a film of 3.5 
cm width and 50 \m\ thickness is formed using a capillary rheometer and eye observation of the film Is carried out in 
the range of 3.0 cm width and 20 cm length of the film. 

[0430] The methods for measuring above described physical properties will be described below. 

55 Production method of the ethylene (co)polymer (A4) 

[0431] The above described ethylene (co)polymer (A4) of the present invention can be produced by polymerizing 
solely ethylene or copolymerizing ethylene and an a-olefin of 3 to 20 carbon atoms under specified conditions in the 
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presence of, for example, an olefin polymerization catalyst comprising 

(a3) a transition metal compound having the above described general formula (IX) and (b-2) an organoaluminum 
oxy compound. 

[0432] An ethylene (co)polymer (A4) can be produced by any one of the methods; liquid-phase polymerization meth- 
s ods such as solution polymerization and suspension polymerization and gas-phase polymerization methods. 

[0433] Specific examples of inert hydrocarbon solvents to be used for a liquid-phase polymerization are the same 
inert hydrocarbon solvents as employed for producing above described ethylene (co)polymer (A1) and an olefin itself 
may be used as a solvent. 

[0434] At the time of carrying out (co)polymerization using such an olefin polymerization catalyst, a transition com- 
10 pound (a3) is so added as to keep the concentration generally 10- 12 to 10* 2 mole, preferably 10" 10 to 10' 3 mole, per 1 
liter of the reaction volume. An organoaluminum oxy compound (b-2) is so added as to keep the mole ratio (Al/Zr) of 
aluminum atom (A1) in the compound (b-2) and zirconium (Zr) of the transition metal compound (a3) within generally 
10 to 500,000 and preferably 20 to 100,000. 

[0435] Polymerization is carried out at the polymerization temperature controlled to be generally 40°C or higher and 
15 preferably 50°C or higher and the polymerization pressure controlled to be generally 3 to 100 kg/cm 2 and preferably 
5 to 50 kg/cm 2 . 

[0436] The polymerization reaction may also be carried out by any method such as batch type, semi-continuous, 
and continuous methods. 

[0437] The molecular weight of a produced ethylene (co)polymer (A4) can be adjusted either by making hydrogen 
20 exist in the polymerization system or changing the polymerization temperature. 

Ethylene (co)poiymer (A5) 

[0438] An ethylene (co)polymer (A5) of the present invention is an ethylene homopolymer or a random copolymer 
25 of ethylene and an a-olefin of 3 to 20 carbon atoms. 

[0439] The a-olefin of 3 to 20 carbon atoms may be, for example, a straight chain or branched a-olefin of 3 to 20 
carbon atoms as same as described above and a cyclic olefin of 3 to 20 carbon atoms as same as described above. 
[0440] The ethylene (co)polymer (A5) is preferably an ethylene homopolymer or a copolymer of ethylene and an a- 
olefin of 4 to 20 carbon atoms. 

30 [0441] It is desirable for the ethylene (co)polymer (A5) to have intrinsic viscosity generally not lower than 1 .0 dl/g, 
preferably 2.0 to 40.0 dl/g and Mw/Mn value measured by GPC generally not lower than 5.5, preferably within a range 
of 20.0 to 100.0. 

[0442] Additionally, the desirable state of the ethylene (co)polymer (A5) satisfies that Mz/Mw does not exceed Mw/ 
Mn measured by GPC. 

35 [0443] It is also desirable for the ethylene (co)polymer (A5) to contain generally 50 to 100% by weight, preferably 
55 to 1 00% by weight, further preferably 65 to 1 00% by weight, and most preferably 70 to 1 00% by weight of a repeated 
unit derived from ethylene and 0 to 50% by weight, preferably 0 to 45% by weight, further preferably 0 to 35% by weight, 
and most preferably 0 to 30% by weight of a repeated unit derived from a-olefin. 
[0444] The ethylene (co)polymer (A5) is 

40 («as) at ,east 2 relative maximum values and at least 1 relative minimum value existing in the molecular weight 

distribution curve measured by GPC and the intensity (W\,) of the relative minimum value and the lower intensity (W 2 ) 
of the relative the maximum values having the relative minimum value between them satisfying W 1 A/V 2 < 0.85, preferably 
W 1 /W 2 <0.80. 

[0445] In the case 2 or more relative minimum values exit, at least one of the relative minimum values satisfy the 
43 above described relations. 

[0446] An ethylene (co)polymer having Vv^ and W 2 satisfying above described relations is characterized by, for ex- 
ample, extrusion moldabillty and excellent mechanical strength of a molded product. 

[0447] It Is preferable for the ethylene (co)polymer (A5) to satisfy the following requirements (Hi^) to (iv^) described 
below, in addition to the above described requirements (i^), 

so 

(lii A5 ) The melt tension (MT (g)) at 1 90°C and the swell ratio (SR) calculated from the strand diameter extruded at 
190°C satisfying the following relations; 
log(MT) > 12.9 - 7.15 x SR and preferably 
log(MT)> 13.3-7.15 x SR. 

55 

[0448] A polymer having MT and SR satisfying above described relations is characterized by excellent bubble stability 
at the time of inflation molding. 
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(iv A5 ) The intrinsic viscosity ([t\] (dl/g)) measured in decalin at 135°C and the melt flow rate (MFR (g/1 0 minutes) 
measured under 2.16 kg load at 190°C satisfying the following relations; 

> 1.85 x MFR" 0 - 192 , preferably ft] > 1.95 x in the case of MFR < <\ and 

h] > 1 .85 x MFR-0-213 preferably [r\] > 1 .95 x MFR- 0 - 213 , in the case of MFR 2 1 . 

[0449] An ethylene (co)polymer having the intrinsic viscosity and MFR satisfying above described relations is char- 
acterized by, for example, excellent mechanical strength of a molded product. 
[0450] It is further preferable for the ethylene (co)polymer (AS) to satisfy the following. 

[0451] (ii A5 ) The weight average molecular weight (Mw) measured by GPC and the swell ratio (SR) calculated from 
the strand diameter extruded at 190°C satisfy the relations; SR > 4.55 - 0.56 x log(Mw), preferably SR > 4.60 - 0.56 
x log(Mw). 

[0452] An ethylene (co)polymer having the Mw and SR satisfying above described relations is characterized by, for 
example, excellent blow moldability and excellent weld strength of a blow-molded product. 

[0453] It is also preferable for the ethylene (co)polymer (A5) to satisfy the following requirements (v A5 ) and/or (vi A5 ) 
described below, in addition to the above described requirements (i^) or in addition to the above described (i A5 ) to (iv^). 
[0454] (v^) The number of the vinyl groups at the molecular terminals calculated by conversion to that per one 
molecular chain having the same molecular weight as the number average molecular weight is 0.50 or higher, preferably 
0.60 or higher. 

[0455] The number of vinyl groups at the molecular terminals is generally 1 .0 or lower. 

[0456] In the case the vinyl groups at the molecular terminals are within the above described ranges, the ethylene 
(co)polymer is easy to be modified and is high adhesion strength to other resin. Also, a composition containing the 
ethylene (co)polymer having the vinyl groups at the molecular terminals within the above described ranges tends to 
have high adhesion strength to other resin. 

[0457] (vi A5 ) The number of methyl branches measured by 13 C-NMR is less than 0.1 per 1 ,000 of carbon atoms, 
[0458] An ethylene (co)polymer satisfying such a requirement is an ethylene homopolymer or a copolymer of ethylene 
and an a-olefin of 4 to 20 carbon atoms. 

[0459] An ethylene (co)polymer satisfying such a requirement is a rigid crystal structure and therefore is excellent 
mechanical strength. 

[0460] in the case a molded product is produced from an ethylene (co)polymer (A5), fish eyes, besides fish eyes 
having cores of fibers and the likes, are scarcely generated. For example, not more than 20 fish eyes (except fish eyes 
having cores of fibers and the likes), preferably practically no fish eye, are observed with eyes in the case a film of 3.5 
cm width and 50 jim thickness is formed using a capillary rheometer and eye observation of the film Is carried out in 
the range of 3.0 cm width and 20 cm length of the film. 

[0461] The methods for measuring above described physical properties will be described below. 
Production method of the ethylene (co)polymer (AS) 

[0462] The above described ethylene (co)polymer (A5) of the present invention can be produced by polymerizing 
solely ethylene or copolymerizing ethylene and an a-olefin of 3 to 20 carbon atoms under specified conditions in the 
presence of, for example, an olefin polymerization catalyst comprising 

(a4) a transition metal compound having the above described general formula (VIII) and (b-2) an organoaluminum 
oxy compound. 

[0463] Polymerization can be carried out by any one of the methods; liquid-phase polymerization methods such as 
solution polymerization and suspension polymerization and gas-phase polymerization methods. 
[0464] Specific examples of inert hydrocarbon solvents to be used for a liquid-phase polymerization are the same 
inert hydrocarbon solvents as employed for producing above described ethylene (co)polymer (A1) and an olefin itself 
may be used as a solvent. 

[0465] At the time of carrying out (co)polymerization using such an olefin polymerization catalyst, a transition metal 
compound (a4) is so added as to keep the concentration generally 10' 12 to 10" 2 mole, preferably 10" 10 to 10 3 mole, 
per 1 liter of the reaction volume. An organoaluminum oxy compound (b-2) is so added as to keep the mole ratio (Al/ 
Zr) of aluminum atom (A1) in the compound (b-2) and zirconium (Zr) of the transition metal compound (a4) within 
generally 1 0 to 500,000 and preferably 20 to 100,000. 

[0466] Polymerization is carried out at the polymerization temperature controlled to be generally 40°C or higher and 
preferably 50°C or higher and the polymerization pressure controlled to be generally 3 to 100 kg/cm* and preferably 
5 to 50 kg/cm 2 . 

[0467] The polymerization reaction may also be carried out by any method such as batch type, semi-continuous, 
and continuous methods. 

[0468] The molecular weight of a produced ethylene (co)polymer (A5) can be adjusted either by making hydrogen 
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exist in the polymerization system or changing the polymerization temperature. 

Method for measuring physical properties 

5 [0469] The physical properties of the above described ethylene (co)polymers (A1) to (A5) can be measured by fol- 
lowing manner, 

(Preparation of specimen for measurement) 

10 [0470] To 1 00 parts by weight of a powdery ethylene (co)polymer, 0.05 parts by weight of tri(2,4-di-tert-butylphenyl) 
phosphate as a secondary antioxidant, 0.1% by weight of n-octadecyl-S^^-hydroxy-S'.S'-di-tert-butylphenylJpropionate 
as a heat resistant stabilizer, and 0.05 parts by weight of calcium stearate as a hydrochloric acid absorbent are added. 
After that, the resultant mixture is melted and kneaded at a set temperature of 180°C using a Labo Plastomill (a batch 
type melting and kneading apparatus) produced by Toyo Seiki Seisaku-Sho, taken out, formed into a sheet by a cooling 

15 press set at 20° C, and cut into a proper size to obtain a specimen for measurement. 

(Measurement of the number of methyl branches) 

[0471] The number of methyl branches in a polymer molecular chain per 1 ,000 carbon atoms is measured by 13 C- 

20 NMR. The measurement is done using a Lambda 500 type nuclear magnetic resonance apparatus ( 1 H: 500 MHz) 
produced by Nippon Electronic Company. The measurement is carried out 10,000 to 30,000 integrated times. The 
peak (29.97 ppm) of a main chain methylene is employed as the chemical shift standard. From 250 to 400 mg of a 
specimen and 3 ml of a liquid mixture of extra pure grade o-dichlorobenzene produced by Wako Pure Chemical Indus- 
tries, Ltd. and Benzene-d 6 produced by ISOTEC in 5 : 1 (volume ratio) are put to a quartz glass tube of 10 mm diameter 

25 for NMR measurement sold at a market and heated at 120°C and the specimen is evenly dispersed in the solvents to 
carry out the measurement. Ascription of respective absorption in the obtained NMR spectrum is carried out according 
to the description on pp. 132 to 133, "NMR-introduction and experiment guide [1], p Field of Chemistry, extra edition 
vol. 141 . The number of methyl branches per 1 ,000 carbon atoms Is calculated from the integrated intensity ratio of 
absorption (19.9 ppm) of the methyl group derived from the methyl branches to the integrated absorption appeared in 

30 a range of 5 to 45 ppm. 

[0472] (The number average molecular weight (Mn), the weight average molecular weight (Mw), the 2-average mo- 
lecular weight (Mz), the molecular weight distribution (Mw/Mn), the molecular weight distribution (Mz/Mw)) 
[0473] Using the above described specimen and employing GPC-150C produced by Waters, Co., measurement is 
carried out by the following method. Separation columns employed are TSK gel GMH6-HT+TSK gel GMH6-HTL pro- 

35 duced by Tosoh Corporation and each column is 7.8 mm inner diameter and 60 cm In length. The column temperature 
is controlled to be at 1 40°C; 0.025% by weight of o-dichlorobenzene (Wako Pure Chemical Industries, Ltd.) and 2,6-di- 
tert-butyl-p-cresol (Kanto Kagaku) as an antioxidant are used for the mobile phase and moved at 1 .0 ml/minute; the 
concentration of the specimen is controlled to be 0.1% by weight; the amount of the specimen is set to be 500 micro 
liter; and a differential refractometer is employed as a detector. Seventeen monodisperse PS having molecular weight 

40 500 to 2.06 x 10 7 are used for molecular weight calibration. A molecular weight calibration curve is produced by 
approximating the relation between the logarithmic value of the reference PS molecular weight and the retention time 
to a cubic polynomial expression. The average molecular weight and the molecular weight distribution reduced to PE 
are calculated by converting the molecular weight calibration curve of PS type into the molecular weight calibration 
curve of PE type using viscosity equations of PS and PE. The calculated Mn, Mw, Mz are those reduced to PE. 

45 

(Melt flow rate (MFR)) 

[0474] Using the above described specimen, measurement is carried out at 190°C and 2.16 kg load according to 
ASTM D 1238-89. 

so 

(Intrinsic viscosity (ft])) 

[0475] The value measured at 135°C using decalin solvent. That is, about 20 mg of the above described specimen 
for measurement is dissolved in 15 ml decalin and the specific viscosity ^ is measured in an oil bath at 135°C. To 
55 the resultant decalin solution, 5 ml of decalin solvent is additionally added to dilute the solution and the specific viscosity 
"Hsp ' s measured in the same manner. The dilution process is repeated further two times and the intrinsic viscosity is 
calculated as t^C by extrapolating the concentration (C) to be 0. 
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fo] = Nm(Ti sp /C) (C -+ 0) 

(A heating elution separation test (TREF)) 

5 

[0476] An object polymer to be measured is completely dissolved in orthodichlorobenzene to produce a solution of 
0.5% by weight concentration. The produced polymer solution is charged in a column of 21 .4 mm inner diameter and 
150 mm in length and made of a stainless steel (glass beads are used as a filler) and then the temperature of the 
column is gradually cooled from 140°C to -15°C at a rate of 10°C/h. After that, while orthodichlorobenzene being fed 
10 in to the column at the flow rate of 1 ml/min, the column temperature is increased from -15 P C to 120°C at a rate of 
15°C/h. The !R spectrum of the polymer component eluted during the temperature increase is continuously measured 
using a Fourier transform IR spectrophotometer (FT-IR). The obtained spectrum is analyzed to compute the concen- 
tration of the eluted polymer at each temperature and the number of branches (the branching degree) per 1 ,000 carbon 
atoms. 

15 [0477] The temperature fractionated component to be employed for GPC measurement is taken out as an orthod- 
ichlorobenzene solution and then recovered from methanol by a re-precipitation method. The recovered polymer is 
measured by a method described in the GPC measurement item. The average branching degree of the component 
eluted in a prescribed temperature range is calculated as the average of the branching degree by weight at every 
respective temperature. 

20 

(Measurement of the number of hexyl branches) 

[0478] The number of methyl branches per 1 ,000 carbon atoms in a polymer molecular chain is measured by 13 C- 
NMR. The measurement is carried out using a Lambda 500 type nuclear magnetic resonance apparatus ( 1 H: 500 MHz) 

25 produced by Nippon Electronic Company. The measurement is carried out 10,000 to 30,000 integrated times. The 
peak (29.97 ppm) of a main chain methylene is employed as the chemical shift standard. From 250 to 400 mg of a PE 
specimen and 3 ml of a liquid mixture of extra pure grade o-dichlorobenzene produced by Wako Pure Chemical Indus- 
tries, Ltd. and Benzene-d 6 produced by ISOTEC in 5 : 1 (volume ratio) are put to a quartz glass tube of 10 mm diameter 
for NMR measurement sold at a market and heated at 120°C and the specimen is evenly dispersed in the solvents to 

30 carry out the measurement. Ascription of respective absorption in the obtained NMR spectrum is carried out according 
to the description on pp. 132 to 133, "NMR-introduction and experiment guide [1]," Field of Chemistry, extra edition 
vol. 141 . The number of hexyl or higher branches per 1 ,000 carbon atoms is calculated from the integrated Intensity 
methylene group (C6+3) appeared at 32.2 ppm. 

35 (Decane-Soluble component) 

[0479] The amount of a decane-soluble component is measured by adding about 3 g of the copolymer in 450 ml of 
n-decane, dissolving the copolymer in the decane at 1 45°C, cooled to 23°C, removing n-decane-insoluble component 
by filtration, and recovering the n-decane-soluble component from the resultant filtered solution. 

40 

(Density) 

[0480] A specimen for measurement is produced by forming a sheet having a thickness of 0.5 mm at 1 70 °C under 
100 kg/cm 2 pressure using a hydraulic thermal press machine manufactured by Kamifuji Metal Industry and cooling 
45 the sheet by compressing at 100 kg/cm 2 pressure using another hydraulic thermal press machine set at 20°C. The 
obtained pressed sheet is heated for 1 hour at 1 20°C and gradually cooled to a room temperature for 1 hour and then 
the density is measured by a density gradient tube. 

(Melting point (Tm)) 

so 

[0481] The melting point is set to be a temperature of the maximum peak position of an endothermic curve obtained 
by a differential scanning calorimeter (DSC). Measurement is carried out based on an endothermic curve of 2nd-run 
of the processes of packing an aluminum pan with a specimen, heating the specimen to 200°C at 1 0°C/minute, keeping 
it at 200 Q C for 5 minutes, cooling it to -150°C at 20°C/minute, and then again heating at 10°C/minute. 

55 

(Amount of paraxylene eluted component) 

[0482] To a double tube type separable flask, 500 ml of paraxylene (PX), 5g (measured) of a specimen, BHT in 0.5% 
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by weight to the specimen are put, the mixture is heated to 130°C at about 2°C/minute and kept at 130°C for 1 hour. 
During the process, the mixture is continuously stirred. After confirmation that the specimen is completely dissolved, 
the mixture is cooled to 75°C at about 0.6°C/mlnute and kept at 75°C for 1 hour, and a part of components of the 
specimen are precipitated. Stirring is also continuously carried out during the process. 

s [0483] Next, the component dissolved in paraxylene at 75*C is precipitated by opening a cock in the lower part of 
the separable flask and dripping the paraxylene In which a part of the specimen is dissolved to 3 liter of acetone at 
about 7.5 ml/minute. After the acetone containing the precipitated component is filtered, the precipitated component 
is further washed with acetone two times and dried for a whole day and night by a vacuum drier. Also, the component 
precipitated In paraxylene at 75°C is separately recovered and dried. 

10 [0484] Respective dried samples are weighed and weight percentage of the component dissolved in paraxylene at 
75°C to the whole specimen is calculated. 

GPC-IR measurement 

is [0485] Measurement is carried out in the following conditions. The molecular weight is calculated by conversion into 
polyethylene and the amount of methyl branches per 1 ,000 carbon atoms is defined as a value obtained by subtracting 
(14 x 2000)/M from the methyl amount (Me) of respective molecular weights (M). 

Apparatus: ALC/GPC 150-C type manufactured by Waters 
20 Detection apparatus/Detector; FT-IR (Nicolet Magna 560 type)/MCT 

Separation column: PLgel MIXED-A (7.5 mmx30 mmx2 columns) 

Mobile phase: ODCB 

Flow rate: 1 .0 ml/min. 

Column temperature: 140°C 
25 Specimen concentration: 0.15 wt.% 

Injection amount: 1 ml 

FT-IR scanning times: 20 times 

FT-IR resolving power: 4cm -1 

30 (Melt tension (MT)) 

[0486] The melt tension can be determined by measuring the stress at the time when a melted ethylene (co)polymer 
is extended at a constant speed. That is, the melt tension measurement is carried out using the above described 
specimen for measurement and a MT measurement apparatus produced by Toyo Seiki Selsaku-Sho in the conditions 
55 of 190°C resin temperature, 15 mm/minute extrusion speed, 10 to 20 m/minute winding speed, 2.095 mm<|> nozzle 
diameter, and 8 mm nozzle length. 

(Swell ratio (SR)) 

40 [0487] Melted resin is extruded in the same conditions as those of the above described melt tension measurement 
and a strand of about 2 cm length is sampled. The strand is cut at a point about 5 mm from the lower side (the side 
apart from the nozzle) of the strand and the diameter is measured at two points different from each other by 90°. The 
SR is defined as the value obtained by dividing the average value (mm) of the diameters by 2.095 mm nozzle diameter. 

45 (Measurement of the amount of vinyl at molecular terminals) 

[0488] The amount of vinyl at molecular terminals is measured using IR spectrophotometer FT-IR 350 type produced 
by JASCO Corporation by the following method. 

50 Calibration curve production: 

[0489] A plurality of standard specimens having different number (n) of vinyl type double bonds (n: the number of 
vinyl groups at terminals per 1 ,000 carbon atoms) are produced by changing the mixing ratio of polyethylene containing 
no vinyl type double bonds and polyolefin containing vinyl type double bonds and IR absorption measurement is carried 
55 out for these standard specimens. A common tangent line of the relative maximum points near 940 to 850 cm' 1 is 
drawn and using the line as a base line, the absorbance D s in the key band (910 cm' 1 ) of the vinyl terminals and the 
value D 0 of the base line are read out. Further, the thickness L (cm) of each specimen is accurately read out using a 
micrometer and the absorbance per unit thickness D/L (D/L = (D s - D 0 )/L) of the key band for each specimen is calculated 
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and the relations of the obtained value and the number (n) of vinyl type double bonds are illustrated to give a calibration 
curve relevant to the amount of vinyl at terminals per 1 ,000 carbon atoms, 

[0490] A film for IR absorption measurement as a standard specimen is produced by mixing polyethylene containing 
no vinyl type double bond and a polyolefin containing vinyl type double bonds, dissolving the mixture in chloroform at 
5 temperature as low as possible, and then evaporating the chloroform to give a mixed specimen, and hot rolling the 
mixed specimen. As the polyethylene containing no vinyl type double bond, for example, polyethylene (trade name: 
HZ 2200J) produced by Mitsui Chemicals, Inc. is employed and as the polyolefin containing vinyl type double bonds, 
1 ,2-potybutadiene whose double bond amount is already known is employed. 

[0491] Regarding a specimen for measurement, a film for IR absorption measurement is produced by hot rolling 
10 method and the absorbance per unit thickness D/L of the key band is calculated by the same manner as described 
above and the amount of vinyl at terminals per 1 ,000 carbon atoms is calculated using the above described calibration 
curve. 

[0492] Next, the number average molecular weight (Mn) of the specimen for measurement is converted into the 
number of carbons and the amount of vinyl at terminals per one molecular chain having a molecular weight Mn is 
15 computed from the obtained number of carbons and the amount of vinyl at terminals per 1 ,000 carbon atoms. 

(Fish eyes) 

[0493] A film having a thickness of about 50 u/n, about 3.5 cm width, and about 30 cm length is produced by extruding 
20 resin at 190°C resin temperature and 50 mm/min speed using a capillary type flow requirement testing apparatus 
manufactured by Toyo Seiki Seisaku-Sho and, instead of a nozzle, setting a small type T die with 40 mm width and 
0.3 mm slit, and taking over the extruded resin at 1 .95 m/min and 10 mm air gap. The number of fish eyes is counted 
by eye observation of the film in the range of 3.0 cm width and 20 cm length. The fish eyes having cores of fibers and 
the likes are observed with eyes by magnifying the sample 15 to 150 times using an optical microscope and fish eyes 
25 in fibrous shapes and fish eyes colored and apparently having cores of foreign materials are counted and the number 
of these fish eyes is subtracted. 

(Composition) 

30 [0494] The composition of an ethylene (co)polymer is determined by measuring 13 C-NMR spectrum of a sample 
produced by evenly dissolving about 200 mg of copolymer in 1 ml of hexachlorobutadiene in a sample tube with gen* 
erally 10 mm<|) diameter in measurement conditions of 120°C measurement temperature, 25.05 MHz of measurement 
frequency, 1500 Hz of spectrum width, 4.2 sec. of pulse repeating intervals, and 6 usee, of pulse width. 

35 Additive 

[0495] An additive for preventing oxidation or preventing aging may be added to ethylene (co)polymer (A1 ) to (A5) 
of the present invention. As such an additive, a heat resistant stabilizer and a hydrochloric acid absorbent are exem- 
plified and further if necessary, a weathering resistant stabilizer may be added. 

40 

(A heat resistant stabilizer) 

[0496] There is no specific limits to the heat resistant stabilizer and, for example, a phenol type stabilizer, an amine 
type stabilizer, a sulfur type stabilizer such as a thio ether type stabilizer, and a phosphorus type stabilizer such as a 

45 phosphite type stabilizer can be exemplified. 

[0497] The phenol stabilizers include, for example, 2,6-di-t-butyl-4-methylphenol, 2,6-di-t-butyl-4-ethylphenol, 2, 
6-dicyclohexyl-4-methylphenol, 2,6-di-t-amyl-4-methylphenol, 2,6-di-t-octyl-4-N-propylphenol, 2,6-dicyclohexyl-4-N- 
octylphenol, 2-isopropyl-4-methyl-6-t-butylphenol, 2-t-butyl-2-ethyl-6-t-octylphenol l 2-isobutyl-4-ethyl-6-t-hexylphenol, 
2-cyclohexyl-4-N-butyl-6-isopropylphenol, dl-a-tocopherol, t-butylhydroquinone, 2,2 , -methylenebis(4-methyl-6-t-butyl- 

50 phenol), 4,4'-butylidenebls(3-methyl-6-t-butylphenol) 1 4,4'*thiobis(3-methyl-6-t-butylphenol), 2,2'-thiobis(4-methyl-6-t- 
butylphenol), 4,4'-methylenebis(2,6-di-t-butylphenol), 2,2-methylenebis [6-(1-methylcyclohexyl)-p-cresol], 2,2'-ethyli- 
denebis(4,6-du-t-butylphenol), 2,2 , -butylidenebis(2-t-butyl-4-methylphenol), 2-t-butyl-6-(3-t-butyl-2-hydroxy-5-methyl- 
benzyl)-4-methylphenylacrylate, 2-[1-(2-hydroxy-3-5-di-t-pentylphenyl)ethyl]-4,6-di-t-b pentyfphenytacryiate, 1 ,1 ,3-tris 
(2-methyl-4-hydroxy-5-t-butylphenyl)butane, triethyleneglycol-bis[3-(3-t-butyl-5-methyl-4-hydroxyphenyl)propionate], 

55 i,6-hexanediol-bis[3-(3,5-di-t-butyl-4-hydroxyphenyl)propionate], 2,2'-thiodiethylenebls[3-(3,5-dl-t-butyl-4-hydroxy- 
phenyl)propionate], N.N'-hexamethylenebisfS.S-di-t-butyl^-hydroxy-hydrocinamide], 3,5-di-t-butyl-4-hydroxybenzyl- 
phosphonate-diethylester, tris(2,6-dimethyl-3-hydroxy-4-t-butylbenzyl)isocyanurate s tris[(3,5-di-t-butyl-4-hydroxyphe- 
nyl)propionyloxyethyl]isocyanurate, tris(4-t-butyl-2,6-dimethyl-3-hydroxybenzyl)isocyanurate, 2,4-bis(N«octylthio)-6- 



51 



BNSDOCID: <EP 1 16221 1A1_I_> 



EP 1 162 211 A1 



(4-hydroxy-3,5-di-t-butylanilino)-1,3,54riazine, tetraquisfmethylene-a^S.S-di-t-butyl^-hydroxypyhenyOpropionate] 
methane, bis(3,5-di-t-butyl-4-hydroxybenzylphosphonic acid ethyl )calci urn, bis(3,5-d-t-butyl-4-hydroxybenzylphos- 
phonicacid ethyl)nickel, bis[3,3-bis(3-t-butyl-4-hydroxyphenyl) butylic acid]g!icolester, N,N'-bis[3(3,5-di-t-butyl-4-huy- 
droxyphenyl)propionyl]hydrazine, 2 f 2-oxamidobjs[ethyl-3-(3,5-t-butyl-4-hydroxyphenyl)propionate) f 2,2'-methylenebis 
5 (4-methyl-6-t-butylphenol)telephthalate, 1 .S.S-trlmethyl^^.e-trisfS.S-dl-t-butyl^-hydroxybenzyObenzene, 3,9-bls[1 , 
1-dimethyl-2-{p-(3-t-butyl-4-hydroxy-5-methylphen 2,2'- 
bis[4-(2-(3,5-dM-butyl-4-hydroxyhydrocinnamoinoxy) ethoxyphenyl)propane and p-(3,5-di-t-butyl-4-hydroxyphenyl) 
propionic acid stearyl ester, 

[0498] Examples of thioether stabilizers include dilaurylthiodipropionate, dimyristylthiodipropionate, distearyltiodi- 

10 propionate, laurylstearylthiodipropionate, pentaerythrytoltetralaurylthiopropionate, distearyldisulfido, 4,4-thiobis(2-me- 
thyl-6-t-butylphenoi), 4,4'-thiobis(3-methyl-6-t-butylphenol) ! 2,2'-thiobis(4-methyl-6-t-butylphenol), bie(3-methyl-4-hy- 
droxy-5-t-butylbenzyl)sulfido, 4,4 , -butylidene-bis(2-methyl-4-hydroxy-5-t-butylphenyl)-2-laurylthioether, 6(4-hydroxy- 
3,5-di-t-butylanilino)-2 t 4-bis(octylthio)-1 f 3 t 5-triazine, 2 l 4-bis(4-hydroxy-3,5-di-t-butylanilino)-6-(octylthio)-1 ,3,5-tri- 
azine, tris{2-t-butyl-44hio(2 , 'methyl-4'-hydroxy-5M-butylphenyl)-5-methylphenyl}phospit^ phenodiazine, tetramethyl- 

15 thiuramdisulfido, and tetraethylthiuramdlsulfido. 

[0499] The phosprte stabilizers include, for example, triphenylphospite, tris(nonylphenyl)phospite, tris (2,4-di-t-butyl- 
phenyl)phospite t tetratridecyl-4,4'-butylidenebis(3-methyl"6't»butylphenol)-diphospite f 4 p 4'-isopropyiidene-diphenola- 
Ikylphosphite, alkyls of 12 to 15 carbon atoms, 4,4'-isopropylidnenebis(2-t-butylphenol) • di(nonylphenyl)phospite, tetra 
(tridecyl)-1,1*3-tris(2-methyl-5-t-butyl-4-hydroxyphenyl)butanediphsophite, tris(3,5-di-t-butyM~hydroxyphenyl)phos- 

20 phitB, bis(octylpheny) • bis[4,4'-butylidenebis(3-methyi-6-t-butylphenol)] • 1 ,6-hexanoldiphosphite, hexatridecyM ,1 , 
3-tris(2-methyl-4-hydroxy-5-t*butylphenol)diphosphite, tris[4 > 4 , -isopropylidenebis(2-t-butylphenol)]phosphlte 1 9,10-di- 
hydro-9-oxa-10-phosphaphenanthrane-10-oxide, distearylpentaerythrytoldiphosphite, phenyl • 4,4-isopropyliden- 
ediphenol • pentaerythrytoldiphosphite, bls(2 l 4-dlpt-butylphenyl)pentaerythrytoldiphosphite : bis(2,4,6-tri-t-butylphe- 
nyl)pentaerythrytoldlphospite, bis(2 I 6-di-t-butyl-4-methylphenyl)pentaerythrytoldlphosphite, phenylbisphenol-A-pen- 

25 taerythryroldiphosphlte, tetraquis(2,4-di-t-butylphenyl(4 > 4 , -blsphenylenediphosphonlte, 2,2'-ethylidnebis(4,6-di-t-bu- 
tylphenyl)phlorophosphonite and 2,2 , -methylenebis(4,6-di-t-butylphenyl)octylphosphite. 
[0500] Those stabilizers may be used solely or in combination with two or more types of them. 

(A hydrochloric acid absorbent) 

30 

[0501 ] As the hydrochloric acid absorbent a higher aliphatic acid metal salt, a hydrotalclte, epoxylated octyl stearate, 
and the likes can be exemplified. 

[0502] The aliphatic acid metal salts Include; alkaline earth metal salts such as magnesium salts, calcium salts, and 
barium salts, cadmium salts, zinc salts, lead salts, and alkali metal salts such as sodium salts, potassium salts, and 
35 lithium salts of higher aliphatic acid such as stearic acid, oleic acid, laurlc acid, capric acid, arachidic acid, palmitic 
acid, behenic acid, 1 2-hydroxystearic acid, ricinoleic acid, and montanic acid. 

[0503] The following are concrete higher aliphatic acid metal salts; magnesium stearate, magnesium laurate, mag- 
nesium palmitate, calcium stearate, calcium oleate, calcium laurate, barium stearate, barium oleate, barium laurate, 
barium arachidate, barium behenate, zinc stearate, zinc oleate, zinc laurate, lithium stearate, sodium stearate, sodium 
40 palmitate, sodium laurate, potassium stearate, potassium laurate, calcium 12-hydroxy stearate, calcium montanate, 
and the likes. 

[0504] As the hydrotalcite, compounds described below can be exemplified. 

[0505] Those hydrochloric acid absorbents may be used solely or in combination of two or more types of them. 

45 (Weathering resistant stabilizer) 

[0506] As the weathering resistant stabilizer, a hindered amine type stabilizer, a UV absorbent, and the likes can be 
exemplified and as the UV absorbent, benzotriazoles, benzoates, benzophenones, and the likes can be exemplified. 
[0507] As the hindered amine compounds, there can be exemplified bis(2,2,6,64etramethyl-4-piperidyl)sebacate, 
so methyl succinate-1 -(2-hydroxyethyl9-4-hydroxy-2,2,6 : 6-tetramethylpiperidine polycondensates, poly[[6-(1 ,1 ,3, 

3- teramethylbutyl)imino-1,3,5-triazm^ 

thyl-4-piperidyl)imino]], tetraquis(2,2,6,6-tetramethyl-4-piperidyl)-1 ,2,3,4-butanetetracarboxylate, 2,2,6, 6-tetramethyl- 

4- piperidylbenzoate, bis-(1 ^.e^-pentamethyW-piperidyO^-JS.S-di-t-butyM-hydroxybenzyO^-N-butylmalonate, bis- 
(N-methyl-2,2,6,6-tetramethyl-4-piperidyl)sebacate, 1 ( V-(1 ,2-ethanediyl)bis(3,3,5,5-tetramethylpiperadinon), (mixed 

55 2, 2,6,6-tetramethyl-4-piperidyl/tridecyl)-1 ,2,3,4-butanetetracarboxylate, (mixed 1 ,2,2,6, 6-pentamethyl-4-p iperidyl/tri - 
decyl)-1,2,3,4-buthanetetracarboxylate, mixed {2,2, 6, e-tetramethyl^-piperidyl/p.p.p'.p'-tetramethyl-S.g^^.eiO- 
tetraoxaspiro(5,5)undecane]diethyl)-1 ,2,3,4-buthanetetracarboxylate, mixed {1 ,2,2,6,6i3etnamethyl-4-piperidyl/p,p, 
p\PMetramethyl-3,9-[2,4,8,10-tetraoxaspi^ N-N'-bis(3-ami- 
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nopropyl)ethylenediamine-2-4-bis[N-butyl-N-(1,2,2,6,6-pe con- 
densates, poly[(6-N-morpholyl-1 ,3,5-1 ,3,5-triazine-2-4-diyl-1 .S.B-triazine-a-^diyO^^.e.e-tetramethyl^-piperidyOim- 
inoJhexamethyleneKa^.e.e-tetramethyl-A-piperidyOimino]], condensates of N,N'-bis(2,2 t 6,6-tetramethyl-4-piperidyl) 
hexamethylenediamine and 1 f 2-dibromoethane, [N -(2,2,6. 6-tetramethyl-4-piperidy)-2*methyl-2-(2 1 2,6,6-tetramethyl- 
4-piperidyl)imino]propionamide, dlester of 1 ,5-dloxaspiro[5 f 5]undecane-3,3-dlcarboxylic acid and 2,2,6,6-tetramethyl- 
piperidine-4-al, bis(2 t 2,6,6-tetramethyl-4-piperidyl)succinate, polymethylpropyl-3-oxy[1 (2,2,6, 6-tetramethyl)piperidyl] 
siloxane and 1 ,1\1"-[1 ,3,5-triadine-2,4-6-triyltris(cyclohexyliminoethylene)H^^ 

[0508] Benztriazoles are, for example, 2-(2-hydroxy-3 -t-butyl-S'-methylphenylJ-S-chlorbenzotriazole, 2-(2'-hydroxy- 
^S'-di-t-butylphenyl^-chlorbenztriazole, 2-(2 , -hydroxy-5 , -t-octylphenyl)benztriazole, 2-(2'-hydroxy-3 , ,5'-di-t-amyl- 
phenyl)benztriazole, 2-(2'-hydroxy-3\5'-di-t-butylphenyl)benztriazole, 2-(2'-hydroxy-^5 , -bis(a,a-dimethylbenzyl)ben- 
ztriazole, 2-[2 , -hydroxy-3 , -(3^4^5^6 M -tetrahydropM^ 2,2-methylenebis[4- 
(1 ,1,3,3-tetramethylbutyl)-6-(2H-benztriazole-2-yl)phQnol] and condensates of methyl-3-[3-t-butyl-5-(2Hbenztriazole- 
2-yl)-4-hydroxyphenyl]propionate andpolyGthylenegrycol (molecular weight about 300). These weather stabilizers may 
be employed singly or in combination of two or more kinds. 

[0509] Those heat resistant stabilizer, hydrochloric acid absorbent, and weathering resistant stabilizer may be used 
solely or in combination of a heat resistant stabilizer with hydrochloric acid absorbent, a heat resistant stabilizer with 
a weathering resistant stabilizer, a hydrochloric acid absorbent with a weathering resistant stabilizer, and a heat re- 
sistant stabilizer with both of a hydrochloric acid absorbent and a weathering resistant stabilizer. 
[0510] In the case of using those heat resistant stabilizer, hydrochloric acid absorbent and weathering resistant sta- 
bilizer, the addition amounts are commonly used amounts. For example, 0.005 to 5 parts by weight of a heat resistance 
stabilizer (of each component in the case of using two types of absorbents) may be added to 100 parts by weight of 
an ethylene (co)polymer: 0.005 to 5 parts by weight of a hydrochloric acid absorbent (of each component in the case 
of using two types of absorbents) may be added: and 0.005 to 5 parts by weight of a weathering resistant stabilizer (of 
each component in the case of using two types of stabilizers) may be added. 
[0511] Further, the following manner may be employed for using additive. 

[0512] That is, for example, addition of 5 to 200 ppm of aluminum, 0 to 1 000 ppm of a phenol type stabilizer, and 50 
to 2000 ppm of a phosphorus type stabilizer to an ethylene (co)polymer may be employed. 

[0513] In the above described manner, an inorganic salt containing aluminum may be contained as a part or all of 
aluminum. A preferable compound of such an inorganic salt containing aluminum is hydrotalcites and the likes. 
[0514] As the hydrotalcites, natural hydrotalc-group minerals whose examples will be described below and synthetic 
hydrotalcites can be exemplified. Among them, synthetic hydrotalcites are preferable to be used. 

(D hydrotalc-group minerals; 

hydrated carbonate minerals having a general formula Mg 6 R 2 (OH) 16 C0 3 4H 2 0 (R = Al, Cr, and Fe). As a 
hydrotalc-group mineral, the mineral consisting Al as R is preferable and hydrotalcite and manasseite are preferable 
examples. 

© synthetic hydrotalcites having a general formula 

M i.x A, x( OH )2( An ")x/n* rnH 2 ( ^ (where, M denotes divalent metal ion of Mg, Ca, or Zn; A,,* denotes n-valent 
anion, e.g. CI*, Br, h N0 3 2 -, CIO 4 ', S0 4 2 -, CO a 2 -, Si0 3 2 -, HP0 4 2 -, HB0 3 2 ', P0 4 2 "; x denotes a number satisfying 
0 < x < 0.5; and m denotes a number satisfying 0 < m < 2). 

[051 5] The average particle size of those hydrotalcite compounds may be within a range in which no adverse effect 
is caused on the film appearance, the excellent extendibility, and the moldability and is not restricted, but is generally 
10 u.m or smaller, preferably 5 u.m or smaller, and further preferably 3 urn or smaller. 

[0516] From a view of prevention of corrosion of apparatus, it is desirable to control the addition amount as to keep 
aluminum content in an ethylene (co)polymer at 5 to 200 ppm, preferably 8 to 150 ppm, and more preferably 15 to 150 
ppm. It is preferable that at least a part of or all of aluminum is contained in inorganic salt form such as hydrotalcites. 
The content of aluminum can be determined by elementary analysis method. 
[0517] As the phenol type stabilizer, above described compounds can be employed. 

[051 8] Examples of the phosphorus stabilizers include trioctylphosphite, triraurylphosphite, tridecylphosphfte, octyl- 
diphenylphosphite, tris(2,4-di-t-butylphenyl)phosphite, triphenylphosphite, tris(buthoxyethyl)phosphite, tris(nonylphe- 
nyl)phosphite, distearylpentaerythritoldiphosphite, tetra(tridecyl)-1 > 1,3-tris(2-methyl-5-t-butyl-4-hydroxyphenyl)bu- 
thanediphosphite, tetra(mlxed alkyls of 12 to 15 carbon atoms)-4,4'-isopropylidenediphenyldiphosphite, tetra(tridecyl)- 
4,4 , -butylidenebis(3-methyl-6-t-butylphenol)diphosphite, tris(3 t 5-di-t-butyl-4-hydroxyphenyl)phosphite, tris (mono • di- 
mixed nonylphenyl)phosphite, hydrogenated-4,4'-isopropylidenediphenolpolyphosphite, bis(octylphenyl) • bis[4,4'- 
butylidenebis(3-methyl-6-t-butylphenol)] • 1 ,6-hexadioldiphosphite, phenyl • 4,4Msopropylidenediphenol • pentaeryth- 
ritoldiphosphite, trist4,4 , -isopropylidenebis(2-t-butylphenol)]phosphlte, phenyl • diisodecylphosphite, di(nonylphenyl) 
pentaerythrytoldiphosphite, tris(1 ,3-di-stearyloxyisopropyl)phosphite, 4,4 , -isopropylidenebis(2-t-butylphenol) • di(non- 
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ylphenyl)phosphlte, 9,1 0-dl-hydro-9-oxa-9-oxa-1 O-phosphaphenanthrane-1 O-oxide, bis(2,4-di-t-butyl-6-methylphenyl) 
• ethylphosphite, and2-[{2,4,8,10-tetraquis(1 ,1<iimethylethyl)dibenzo(D, F) (1 ,3,2)-dioxaphosphephine-6-yl}oxy]ethyl] 
ethaneamine. 

[0519] As bis(dialkylphenyl)pentaerythrltol diphosphlte ester, spiro type one having the general formula (1 ) described 
5 below or cage type one having the general formula (2) may also be usable. Generally, because of an economical 
reason derived from a method for producing such phosphite esters, a mixture of both isomers is most frequently used. 



10 



15 



20 



25 




30 

[0520] Wherein, R\ R 2 , R 3 are hydrogen atom or an alkyl group of 1 to 9 carbon atoms, especially a branched alkyl 
group, and among them, tert-butyl group Is preferable; the positions of the substitution In the phenyl group are most 
preferably 2,4,6-positions. A preferable phosphite ester is bls(2,4-di-tert-butylphenyi)pentaerythritol diphosphite, bis 
35 (2,6-di-tert-butyl-4-methylphenyl)pentaerythritol diphosphite, and the likes and further a phosphonite having a structure 
wherein carbon and phosphorus are directly bonded, for example, tetrakls(2,4-di-tert-butylphenyl)-4,4'-biphenylenedi- 
phosphonite can also be exemplified. Among them, stabilizers containing trivalent phosphorus are preferable. Those 
phosphorus type stabilizers may be used solely or in combination with one another. 

[0521] The addition amount of a phosphorus type stabilizer is 50 to 2,000 ppm, preferably 50 to 1 ,000 ppm, further 
^0 preferably 50 to 600 ppm, and furthermore preferably 50 to 300 ppm in an ethylene (co)polymer 

[0522] The total amount (X + Y) of the content (X) of a phenol type stabilizer and the content (Y) of a phosphorus 
stabilizer is desirable to be generally not more than 1 000 ppm, preferably from 50 and not more then 1 000 ppm, further 
preferably 50 to 600 ppm, and furthermore preferably 50 to 300 ppm. Further, it is desirable that the ratio (X/Y) of the 
content (X) of a phenol type stabilizer to the content (Y) of a phosphorus stabilizer is generally from 0 and not higher 
4$ than 3, preferably not higher than 2, further preferably not higher than 1.5, and furthermore preferably not higher than 
1.1. 

[0523] In the exemplified case, it is further desirable that 50 ppm £ X + Y s 1 ,000 ppm and 0 £ X/Y £ 3 are satisfied. 
The values of X + Y and X/Y may be replaced with more desirable respective values. 

[0524] In the exemplified case, the total amount (Z + X + Y) of the content (Z) of aluminum, the content (X) of a 
so phenol type stabilizer, and the content (Y) of a phosphorus stabilizer is preferably not more than 2,000 ppm, more 
preferably from 55 and not more then 1 ,000 ppm, further preferably 55 to 800 ppm, and especially preferably 55 to 
300 ppm. 

[0525] In the exemplified case, it is preferable that the ratio (X + Y/Z) of the total of the content (X) of a phenol type 
stabilizer and the content (Y) of a phosphorus stabilizer to the content (Z) of aluminum is preferably from 0.1 to 10, 
55 more preferably 2 to 8, and furthermore preferably 2 to 7. 

[0526] In the case of employing an above described additive, the number of gel generated at the time of molding an 
ethylene (co)polymer at a high temperature can be suppressed to be low and the prescription is suitable for extrusion 
molding, for example, inflation molding, T-die molding, lamination molding, and extrusion lamination molding. 
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[0527] As another prescription, for example, addition of aluminum 1 to 200 ppm, a phenol type stabilizer 50 to 1 ,000 
ppm, and a fatty acid metal salt 50 to 2,000 ppm to an ethylene (co)polymer may be employed. 
[0528] In above exemplified prescription, those above described aluminum can be employed for aluminum. The 
addition amount is desirably controlled to keep aluminum content 1 to 200 ppm and preferably 1 to 15 ppm in an 
5 ethylene (co)polymer. Even In the case that a system containing aluminum more than 15 ppm to 200 ppm, preferably 
20 ppm to 150 ppm, the above described problem can be solved by using a fatty acid metal salt described below while 
the corrosion resistance being maintained. 

[0529] The content of aluminum can be determined by elementary analysis method. Regarding aluminum contained 
in an ethylene (co)polymer, it is preferable that at least a part of or all of aluminum is contained in inorganic salt form. 
io Hydrotalcites are preferable for such an inorganic salt containing aluminum. 

[0530] As the phenol type stabilizer, above described compounds can be employed. Those phenol type stabilizer 
may be used solely or in combination with one another. The content of a phenol type stabilizer is controlled to be 50 
to 1 ,000 ppm and preferably 50 to 600 ppm in an ethylene (co)polymer. 

[0531] As the fatty acid metal salt, above described compounds can be exemplified and its content is controlled to 
is be 50 to 2,000 ppm and preferably 50 to 1 ,000 ppm in an ethylene (co)polymer. In the case the content of aluminum 
is 1 to 1 5 ppm, the content of a fatty acid metal salt is preferably, for example, 700 to 2,000 ppm and further preferably 
800 to 1,500 ppm, In that case, well balanced resistance to above described high temperature gel formation and 
corrosion resistance can be provided. 

[0532] On the other hand, in the case aluminum is contained in more than 15 ppm and not more than 200 ppm, the 
20 content of a fatty acid metal salt is preferably 50 to 700 ppm and further preferably 50 to 500 ppm or less. In that case, 
above described well balanced resistance to above described high temperature gel formation and corrosion resistance 
can be provided. 

[0533] In the case of the above described addition manner, the number of gels generated at the time of high tem- 
perature molding of an ethylene (co)polymer can be suppressed to be low and the resultant ethylene (co)polymer 
25 composition becomes suitable for extrusion molding, for example, inflation molding, T-die molding, lamination molding, 
and extrusion lamination molding. 

[0534] Besides the above described compounds, additives such as an anti-static agent, an antifogging agent, a slip 
agent, a lubricating agent, an anti-blocking agent, a nucleus agent, a pigment, a dye, a plasticizer, and the likes may 
be added if necessary as long as they do not depart from the purposes of the present invention. 
30 [0535] As the antistatic agent or an antifogging agent, the following can be exemplified; polyoxyethylene alkylamine 
type compounds having the general formula described below 



R - N(CH 2 - CH 2 - 0) n - H 

35 | 

(CH 2 - CH 2 - O - R' 

(wherein R denote an aliphatic hydrocarbon group having 7 or more carbon atoms; FT denotes hydrogen or -COR" 
40 (wherein R" denotes an aliphatic hydrocarbon group having 7 or more carbon atoms); n denotes one or higher integer; 
and m denotes one or higher integer.); monoglycerides; digylicerides; triglycerides; polyglycerin alkyl ester compounds; 
betaine type compounds; polyoxyethylene alkylene ether compounds; and sorbftan type compounds such as sorbitan 
monolaurate, sorbitan monostearate, sorbitan monooleate, and the likes. 

[0536] As the lubricating agent and the slip agent, the following can be exemplified; fatty acid amides such as oley- 
45 lamide, stearylamide, erucic acid amide, and the likes; alkylene bis(fatty acid amide) such as ethylene bis(stearyla- 
mide); metal salts of fatty acid such as stearic acid; and paraffin wax. 
[0537] As the anti-blocking agent, natural or synthesized Si0 2 can be exemplified. 

[0538] As the crystal nucleus agent, conventionally known various types of nucleus agents can be employed without 
specific limitation. As the crystal nucleus agent, the following aromatic phosphoric acid ester salts, benzylidene sorbitol, 
so aromatic carboxylic acid, and rosin based nucleus agent can be exemplified. 

[0539] As an aromatic phosphoric acid ester salt, the following compound having the formula (3) is an example. 
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p— o- 



M 



(3) 



(where. R 1 denotes oxygen atom, sulfur atom, or a hydrocarbon group of 1 to 1 0 carbon atoms; R 2 and R 3 denote 
a hydrogen atom and a hydrocarbon group of 1 to 10 carbon atoms; R 2 and R 3 may be the same or different to each 
other; respective R 2 , respective R 3 , and R 2 and R 3 may be bonded to form rings; M denotes a metal atom with mono- 
to tri-valent; and n denotes an integer from 1 to 3). 

[0540] Examples of the compound represented by the general formula (3) include 

sodium-2,2 , -methylene-bis(4 t 6-di-t-butylphenyl)phosphate, sodium-2,2'-ethylidene-bis(4,6-di-t-butylphenyl)phos- 
phate, 

lithium-2,2 , -methylene-bls(4,6-di-t-butylphenyl)phosphate, 

ilthium-2,2 , -ethylidene-bis(4 t 6-di-t-butylphenyl)phosphate, 

sodium-2,2'-ethylidene-bls(4-i-propyl-6-t-buty!phenyl)phosphate, 

lithium-2,2 , -methylene*bis(4-methyl-6-t-butylphenyi)phosphate, 

llthium-2,2 , -methylene-bis(4-ethyl-6-t-butylphenyl)phosphate, 

calcium-bis(2,2'-thiobis(4-methyl-6-t-butylphenyl)phosphate) ! 

calcium-bis(2,2 , -thiobis(4-ethyl-6-t-butylphenyl)phosphate), 

calcium-bis(2,2'-thiobis(4,6-di-t-butylphenyl)phosphate), 

magnesium-bis(2 t 2Mhiobis(4,6-di-t-butylphenyl)phosphate), 

magnesium-bis(2,2 , -thiobis(4-t-octylphenyl)phosphate), sodium-2,2 , -buthylidene-bis(4,6-di-methylphenyl)phos- 
phate, 

6odium-2,2'-buthylidene-bis(4 f 6-di-t-butylphenyl)phosphate, 

sodium-2,2 , -t-octylmethylene-bis(4 l 6-di-methylphenyl)phosphate, 

sodium-2,2 , *t-octylmethylene-bis(4,6-di-t-butylphenyl)phosphate, 

calcium-bis-(2,2'-methylene-bis(4,6-di-t-butylphenyl)phosphate t 

magnecium-bis-(2,2 , -methylene-bis(4,6-di-t-butylphenyl)phosphate, 

barium-bis-(2 t 2'-methylene-bls(4,6-dl-t-butylpheny!)phosphate l 

sodium-2,2'"methylene-bis(4-methyl-6-t-butylphenyl)phosphate t 

sodium-2,2'-methylene-bls(4-ethyl-6-t-butylphenyl)phosphate, 

sodium-(4 1 4 , -dimethyl-5 I 6 , -di-t-buty!-2,2 , -biphenyl)phosphate, 

calcium-bls((4 l 4 , -dimethyl-6,6 , -di-t-butyl-2 l 2 , -biphenyl)phosphate) > 

sodium-2,2'-ethylidene-bis(4-m-butyl-6-t-butylphenyl)phosphate t 

sodium-2 f 2 , -methylene-bis(4,6-di-methylphenyl)phosphate, 

sodlum-2 l 2'-methylene-bis(4,6-di-ethylphenyl)phosphate t 

pottassium-2,2 , -ethyiidene-bis(4,6-dl-t-butylphenyl)phosphate, 

calcium-bis(2,2'-ethylidene-bis(4,6-di-t-butylphenyl)phosphate, 

magnecium-bis(2,2'-ethylidene-bis(4, 6-di-t-butylphenyl)phosphate, 

barium-bis(2 ( 2'-ethylidene-bis(4,6-di-t-butylphenyl)phosphate f 

aluminum-tris(2,2 , -methylene-bis(4, 6-di-t-butylphenyl)phosphate and 

aluminum-tris(2 l 2 , -ethylidene-bis(4,6-di-t-butylphenyl)phosphate, and 



56 



1 16221 1A1J > 



EP1 162 211 A1 



a mixture of two or more of them. 
[0541] Of these, sodium^^'-methylene-bistA.e-di-t-butylphenylJphosphate Is preferable. 

[0542] As another aromatic phosphoric acid ester salt, the following compound having a general formula (4) described 
5 below can be exemplified. 



10 



15 




(where. R 4 denotes hydrogen atom or a hydrocarbon group of 1 to 10 carbon atoms; M denotes a metal atom 

20 with mono- to tri-valent; and n denotes an integer from 1 to 3). 

[0543] Concrete compounds defined with the above described general formula (4) are sodium bis(4-tert-butylphenyl) 
phosphate, sodium bis(4-methylphenyl)phosphate, sodium bis(4-ethylphenyl)phosphate, sodium bis(4-iso-propylphe- 
nyl)phosphate, sodium bis(4-tert-octylphenyl)phosphate, potassium bis(4-tert-butylphenyl)phosphate, calcium bis 
(4-tert-butylphenyl)phosphate, magnesium bis(4-tert-butylphenyl)phosphate, lithium bis(4-ten>butylphenyl)phosphate, 

25 aluminum bis(4-tert-butylphenyl)phosphate, and a mixture of two or more of them. Especially, sodium bls(4-tert-butyl- 
phenyl)phosphate is preferable. 

[0544] As benzylidene sorbitol, compounds defined as the formula (5) can be exemplified. 



30 



35 




(5) 

(where, respective R 5 may be the same or different to each other and denotes hydrogen atom or a hydrocarbon 
45 group of 1 to 10 carbon atoms and m and n denote an integer from 0 to 5, respectively). 
[0545] Examples of the compound represented by the general formula (5) include 

1 ,3,2,4-dibenzylidene sorbitol, 

1 ,3-benzylidene-2,4-p-methylbenzylidene sorbitol, 
so 1 ,3-benzylidene-2,4-p-ethylbenzylidene sorbitol, 

1 ,3-p-methylbenzylidene-2,4-benzylidene sorbitol, 

1 ,3-p-ethylbenzylidene-2,4-benzylidene sorbitol, 

1 ^-p-methylbenzylidene^^-p-ethylbenzylidene sorbitol, 

1 t 3-p-ethylbenzylidene-2,4-p-methylbenzyiidene sorbitol, 
55 1 .s^-dKp-methylbenzylideneJsorbitol, 

1 t 3,2,4-di(p-ethylbenzylidene)sorbltol, 

1,3,2,4-di(p-n-propylbenzylidene)sorbito1, 

1,3,2,4-di(p-i-propylbenzylldene)sorbitol, 
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1,3 t 2 1 4-dl(p-n-butylbenzylidene)sorbitol ) 

I.S^^-dKp-s-butylbenzylideneJsorbitol, 

1,3,2,4-di(p-t-butylbenzylidene)sorbltol, 

1,3 l 2 ( 4-di(2 , ,4 , -dimethylbenzylidene)sorbitol, 
s 1 .S^^-dKp-methoxybenzylideneJsorbitot, 

1,3 t 2,4-di(p-ethoxybenzylidene)sorbitol l 

1 ,3-benzylidene-2-4-p-chlorobenzylidene sorbitol, 

1 ,3-p-chlorobenzylldene-2,4-benzyUdene sorbitol, 

1 ,3-p-chlorobenzylidene-2,4-p-methylbenzyiidene sorbitol, 
10 1 t 3-p-chlorobenzylidene-2,4-p-ethylbenzylidene sorbitol, 

1 ,3-p-methylbenzylidene-2 : 4>p-chlorobenzylidene sorbitol, 

1,3-p-ethylbenzylidene«2,4-p-chlorobenzylidene sorbitol and 1 ,3,2,4-di(p-chlorobenzylidene)sorbitol : and a mix- 
ture of two or more of them. 

is [0546] Of these, preferable are 

1 ,3,2,4-dibenzylidene sorbitol, 
I.S^-dKp-methylbenzylideneJsorbitol, 
I.S^-dKp-ethylbenzylideneJsorbitol, 
20 1 ,3-p-chlorobenzylidene-2,4-p-methylbenzylidene sorbitol 

1 ,3,2,4-di(p-chlorobenzylidene)sorbitol and a mixture of two of more 

[0547] Among the above defined benzylidene sorbitols, a compound of the formula (6) can be exemplified as a 
preferable compound. 

25 



30 



35 




40 

(6) 

(where, respective R 5 may be the same or different to each other and denotes methyl group or ethyl group). 
45 [0548] An example of aromatic carboxylic acids is an aluminum hydroxy-di-p-tert-butyl benzoate defined as the for- 
mula (7). 




[0549] As a rosin type crystal nucleus agent, for example, rosin acid metal salts can be exemplified and the rosin 
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acid metal salts mean the reaction products of rosin acids and metal compounds. As the rosin acids, natural rosin such 
as gum rosin, tall oil rosin, wood rosin, and the likes; various types of modified rosin such as disproportionated rosin, 
hydrogenated rosin, dehydrogenated rosin, polymerized rosin, rosin modified with a,p-ethylenic unsaturated carboxylic 
acids and the like; purified products of the natural rosin; and purified products of the modified rosin can be exemplified. 
As an unsaturated carboxylic acid to be employed for producing an a,p-ethylenic unsaturated carboxylic acld-modlfled 
rosin, for example, maleic acid, maleic anhydride, fumaric acid, (laconic acid, itaconic anhydride, citraconicacid, acrylic 
acid, methacrylic acid, and the likes can be exemplified. Among them, at least one type of rosin acids selected from 
the group of natural rosin, modified rosin, purified products of the natural rosin; and purified products of the modified 
rosin is preferable. The rosin acid contains a plurality of resin acid selected from pimaric acid, sandarachpimaric acid, 
palastric acid, isopimaric acid, abietic acid, dehydroabietic acid, neoabietic acid, dihydropimaric acid, di hydro abietic 
acid, tetrahydroabietic acid, and the likes. 

[0550] As a metal compound forming a metal salt by reaction on a rosin acid, compounds containing 6odium, potas- 
sium, magnesium, or the like and capable of forming salts with rosin acid are examples. Particularly, chlorides, nitrates, 
acetates, sulfates, carbonates, oxides, and hydroxides of those metals can be exemplified. 

[0551] As another crystal nucleus agent, high melting point polymers, metal salts of aromatic carboxylic acids and 
aliphatic carboxylic acids, and inorganic compounds can be exemplified. 

[0552] As a high melting point polymer, polyvinyl cycloalkane) such as polyvinyl chlorohexane), polyvinyl cyclopen- 
tane), and the likes, poly(3-methyl-1-pentene) f poly(3-methyl-1-butene), polyalkenylsilane can be exemplified. 
[0553] As a metal salt of an aromatic carboxylic acid or an aliphatic carboxylic acid, the following can be exemplified; 
aluminum benzoate, aluminum p-tert-butylbenzoate, sodium adipate, sodium thiophenecarboxytate, and sodium pyr- 
rolecarboxylate. 

Use of ethylene (co)polymer 

[0554] An ethylene (co)polymer (A1) of the present invention can be used as a material as it is for various types of 
molded products and may be blended with another un-modified polymer (B1) to give a composition (C1-1) and the 
composition containing an ethylene (co)polymer (A1) and another polymer (B1) can be used as a material for various 
types of molded products. Further, an ethylene (co)polymer (A1) of the present invention can be graft-modified and 
used as a graft-modified ethylene (co)polymer (A1-1) for various purposes. Furthermore, the graft-modified ethylene 
(co)polymer (A1-1) may be blended with another polymer (D1) to give a composition (C1-2) and an ethylene (co) 
polymer (A1 ) may be blended with a graft-modified polymer (E1 ) to give a composition (C1-3) and these compositions 
can be used as materials for various types of molded products. 

[0555] An ethylene (co)polymer (A2) of the present Invention can be used as a material as it is for various types of 
molded products and may be blended with another un-modified polymer (B2) to give a composition (C2-1) and the 
composition containing an ethylene (co)polymer (A2) and another polymer (B2) can be used as a material for various 
types of molded products. Further, an ethylene (co)polymer (A2) of the present invention can be graft-modified and 
used as a graft-modified ethylene (co)polymer (A2-1) for various purposes. Furthermore, the graft-modified ethylene 
(co)polymer (A2-3) may be blended with another polymer (D2) to give a composition (C2-2) and an ethylene, (co) 
polymer (A2) may be blended with a graft-modified polymer (E2) to give a composition (C2-3) and these compositions 
can be used as materials for various types of molded products. 

[0556] An ethylene (co)polymer (A3) of the present invention can be used as a material as it is for various types of 
molded products and may be blended with another un-modified polymer (B3) to give a composition (C3-1) and the 
composition containing an ethylene (co)polymer (A3) and another polymer (B3) can be used as a material for various 
types of molded products. Further, an ethylene (co)polymer (A3) of the present invention can be graft-modified and 
used as a graft-modified ethylene (co)polymer (A3-1) for various purposes. Furthermore, the graft-modified ethylene 
(co)polymer (A3-1 ) may be blended with another polymer (D3) to give a composition (C3-2) and an ethylene (co) 
polymer (A3) may be blended with a graft-modified polymer (E3) to give a composition (C3-3) and these compositions 
can be used as materials for various types of molded products. 

[0557] An ethylene (co)polymer (A4) of the present invention can be used as a material as it is for various types of 
molded products and may be blended with another un-modified polymer (B4) to give a composition (C4-1) and the 
composition containing an ethylene (co)polymer (A4) and another pofymer (B4) can be used as a material for various 
types of molded products. Further, an ethylene (co)polymer (A4) of the present invention can be graft-modified and 
used as a graft-modified ethylene (co)polymer (A4-1) for various purposes. Furthermore, the graft-modified ethylene 
(co)polymer (A4-1) may be blended with another polymer (D4) to give a composition (C4-2) and an ethylene (co) 
polymer (A4) may be blended with a graft-modified polymer (E4) to give a composition (C4-3) and these compositions 
can be used as materials for various types of molded products. 

[0558] An ethylene (co)polymer (A5) of the present Invention can be used as a material as It is for various types of 
molded products and may be blended with another un-modified polymer (B5) to give a composition (C5-1) and the 
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composition containing an ethylene (co)polymer (A5) and another polymer (B5) can be used as a material for various 
types of molded products. Further, an ethylene (co)polymer (A5) of the present invention can be graft-modified and 
used as a graft-modified ethylene (co)polymer (A5-1) for various purposes. Furthermore, the graft-modified ethylene 
(co)potymer (A5-1) may be blended with another polymer (D5) to give a composition (C5-2) and an ethylene (co) 
5 polymer (A5) may be blended with a graft-modified polymer (E5) to give a composition (C5-3) and these compositions 
can be used as materials for various types of molded products. 

Ethylene (co)polymer composition (C1-1) 

10 [0559] An ethylene (co)polymer composition (C1 -1 ) comprises the above described ethylene (co)polymer (A1 ) and 
an un-modified other polymer (B1). 

[0560] As another polymer (B1), the following can be exemplified; polyolefin, besides the above described ethylene 
(co)polymer (A1) t such as high density polyethylene, middle density polyethylene, high pressure low density polyeth- 
ylene, straight chain low density polyethylene, ethylene-propylene copolymer, propylene polymer, propylene-ethylene 
15 copolymer, propylene-1 -butene copolymer, 1-butene polymer, and the likes; and thermoplastic resin such as polya- 
mides, polyesters, polyacetals, polystyrenes, polycarbonates and among them, an ethylene (co)polymer (B1 -1) besides 
the above described ethylene (co)polymer (A1 ) is preferable. 

[0561 ] An ethylene (co)polymer (B1 -1 ) is an ethylene homopolymer or a copolymer of ethylene and an a-olef in of 3 
to 20 carbon atoms. As an a-olefin of 3 to 20 carbon atoms, the foregoing ct-olefins of 3 to 20 carbon atoms can be 
20 exemplified. 

[0562] In the case the ethylene (co)polymer (B1 -1 ) is a copolymer of ethylene and an a-olef in : the mole ratio (ethylene/ 
a-olefin) of ethylene and the ot-olefin depends on the types of the a-olefin and is generally 1/99 to 99/1 , preferably 
50/50 to 95/5. The mole ratio is preferably 50/50 to 90/10 in the case the a-olefin is propylene and the mole ratio is 
preferably 80/20 to 95/5 in the case the a-olefin is an a-olefin of not less than 4 carbon atoms. 
25 [0563] The intrinsic viscosity of the ethylene (co)polymer (B1-1) measured at 135°C in decalin is not specifically 
limited and It is desirable to be generally 0.4 to 7 dl/g and preferably 0.5 to 5 dl/g. 

[0564] Additionally, the ethylene (co)polymer (B1 -1) may comprise a repeating unit derived from another compound 
polymerizable with ethylene or an a-olefin besides a repeating unit derived from ethylene and an a-olefin of 3 to 20 
carbon atoms. 

30 [0565] As such compounds, a polyene compound such as a chain polyene compound, a cyclic polyene compound, 
and the likes and a cyclic monoene compound can be exemplified. The polyene compound is a polyene having two or 
more conjugated or non-conjugated olefinic double bond and as the chain polyene compound, for example, 1 ,4-hex- 
adiene, 1 ,5-hexadlene, 1 ,7-octadiene t 1 ,9-decadiene, 2,4,6-octatriene, 1 ,3,7-octatriene, 1 ,5,9-decatrlene, and dlvinyl- 
benzene can be exemplified. 

35 [0566] Examples of the cyclic polyene compound include 1 ,3-cyclopentadiene, 1 ,3-cyclohexadiene, 

5-ethyl-1,3-cyclohexadiene, 1 ,3-cycloheptadiene, dicyclopentadiene, dicyclohexadiene, 
5-ethylidene-2-norbornene ! 5-vlnyl-2-norbomene, 

5-lsopropylidene-2-norbornene, methylhydroindene, 2,3-diisopropylidene-5-norbornene, 
40 2-ethylidene-3-isopropylidene-5-norbornene, and 

2- propenyl-2,5-norbornadiene. 

[0567] Examples of the cyclic monoene compound include monocycloalkene such as cyclopropene, 

45 cyclobutene, cyclopentene, cyclohexene, 

3- methylcyclohexene, cycloheptene, cyclooctene, cyclodecene, cyclododecene, tetracyclodecene, octacy- 
clodecene and cycloeicosene; 

bicycloalkene such as norbomene, 5-methyl-2-norbornene, 5-ethyl-2-norbornene, 5-isobutyl-2-norbornene, 

5,6-dlmethyl-2-norbornene, 5,5,6-trimethyl-2-norbornene and 2-bomene; 
50 tricycloalkene such as 

2,3,3a,7a-tetrahydro-4,7-methano-1 H-indene and 

3a,5,6,7a-tetrahydro-4,7-methano-IH-indene; 

1 AS.S-dimethano-I^.S^^a.S.B.Sa-octahydronaphthalene and 

tetracycloalkene such as 
ss 2-methyl-1 ,4,5 r 8-dimethano-1 ^.S^^a.S.S.Sa-octahydronaphthalene, 

2-ethyl-1,4,5,8-dimethano-1 l 2 t 3,4,4a,5,8,8a-octahydronaphthalene, 

2-propyl-1,4,5,8-dimethano-1 ^.S^a.S.S.Sa-octahydronaphthalene, 

2-heXyl-1,4 l 5 > 8-dimethano-1 > 2,3,4,4a,5,8,8a-octahydronaphtha!ene, 
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2-stearyM ,4,5,8-dimethano-l : 2,3,4,4a,5,8,8a-octahydronaphthalene, 
2 f 3-dimethyl-1 J 4,5 f 8-dimethano-1 l 2 ? 3,4 ) 4a ( 5 f 8,8a-octahydronaphthalene, 
2-methyl-3-ethyl-1,4,5,8-dimethano-1 ^.S^^a.S^.Sa-octahydronaphthalene, 
2-chloro-1,4,5,8-dimethano-1 ,2,3,4 ,4a,5,8,8a-octahydronaphthalene, 
5 2-bromo-1 ,4,5,8-dimethano-1 ,2,3,4 ,43,5, 8,8a-octahydronaphthalene, 

2-fluoro-1,4 I 5,8-dimethano-1,2,3,4,4a l 5 > 8 l 8a-oclahydronaphthalene 
and 

2,3-dichclo-1 ,4,5,8-dimethano-l ,2,3,4, 4a,5,8,8a-octahydronaphthalene; 
poiycycloalkene such as 

10 hexacyclo(6,6,1,1 3 6 l 1 1013 ,0 2 ' 7 ,0 9 ' l4 )heptadecene-4, pentacyclo(8,8,1 29 ,1 47 ,1 11 18 ,0,0 3 - 8 ,0 12 - 17 )heneicosen e-5, 

octacyclo(8 : 8,0,1 2 - 9 ,1 4 ' 7 ,1 11 18 ,0 3 8 ,0 1217 ) docosene-5. 

[0568] The ethylene (co)polymer (B1 -1 ) may further comprise a constituent monomer derived from styrene or sub- 
stituted styrene. Such other compounds may be used solely or in combination with one another. The content of another 
15 compound component is generally 1 to 20 mole% and preferably 2 to 15 mole%. 

[0569] As an ethylene (co)polymer (B1-1), an ethylene homopoiymer or a copolymer of ethylene and an a-olefin of 
3 to 8 carbon atoms is preferable. 

[0570] The foregoing ethylene (co)polymer (A1 ) is not included in the ethylene (co)polymer (B1 -1 ). That is, the eth- 
ylene (co)poiymer (B1-1) is 0.1 or more methyl branches measured by 13 C-NMR per 1,000 carbon atoms. 
20 [0571] An ethylene (co)polymer (B1-1 ) can be produced by homopolymerizing ethylene by a conventionally known 
method or copolymerizing ethylene and an a-olefin by a conventionally known method. The polymerization reaction 
can be carried out in gas-phase (a gas-phase polymerization method) as well as in liquid-phase (a liquid-phase po- 
lymerization method). 

[0572] In an ethylene (co)potymer composition (C1-1), it is desirable that the weight ratio (A1 : B1) of an ethylene 
25 (co)polymer (A1) and another polymer (B1) is 1 : 99 to 99 : 1 and preferably 10 : 90 to 90 : 10. 

[0573] Regarding an ethylene (co)polymer composition (C1-1), additives exemplified as the additives allowed to be 
added to ethylene (co)polymers (A1) to (A5) may be added, if necessary, as long as the additives do not depart from 
the purposes of the present invention. 

[0574] An ethylene (co)polymer composition (C1-1) can be produced by a known method and, for example, the 
30 following methods can-be employed for the production. 

(1) A method by blending an ethylene (co)polymer (A1) and another polymer (B1) and other components to be 
added if necessary by an extruder, a kneader, or the like. 

(2) A method by dissolving an ethylene (co)polymer (A1) and another polymer (B1) and other components to be 
35 added if necessary in a proper good solvent (e.g. a hydrocarbon solvent such as hexane, heptane, decane, cy- 

clohexane, benzene, toluene, xylene, or the like) and then removing the solvent. 

(3) A method by dissolving an ethylene (co)polymer (A1) and another polymer (B1) and other components to be 
added if necessary separately in proper good solvents to give their solutions, mixing the solutions, and then re- 
moving the solvents. 

40 (4) A method by combining the above described methods (1 ) to (3). 

[0575] The foregoing ethylene (co)polymer composition (C1-1 ) is excellent moldability and mechanical strength. 
Ethylene (co)polymer composition (C2-1) 

43 

[0576] An ethylene (co)polymer composition (C2-1) comprises the above described ethylene (co)polymer (A2) and 
an un-modified other polymer (B2) besides (A2). 

[0577] As another polymer (B2), the following can be exemplified; polyolefin, besides the above described ethylene 
(co)polymer (A2), such as high density polyethylene, middle density polyethylene, high pressure low density polyeth- 
50 ylene, straight chain low density polyethylene, ethylene-propylene copolymer, propylene polymer, propylene-ethylene 
copolymer, propylene-1-butene copolymer, 1-butene polymer, and the likes; and thermoplastic resin such as pofya- 
mides, polyesters, polyacetais, polystyrenes, polycarbonates and among them, an ethylene (co)polymer (B2-1 ) besides 
the above described ethylene (co)polymer (A2) is preferable. 

[0578] An ethylene (co)polymer (B2-1 ) is an ethylene homopoiymer or a copolymer of ethylene and an a-olefin of 3 
55 to 20 carbon atoms. As an a-olefin of 3 to 20 carbon atoms, the foregoing a-olefins of 3 to 20 carbon atoms can be 
exemplified. 

[0579] In the case the ethylene (co)polymer (B2-1 ) is a copolymer of ethylene and an a-olefin , the mole ratio (ethylene/ 
a-olefin) of ethylene and the a-olefin depends on the types of the a-olefin and is generally 1/99 to 99/1, preferably 
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50/50 to 95/5. The mole ratio is preferably 50/50 to 90/10 in the case the a-olefin is propylene and the mole ratio is 
preferably 80/20 to 95/5 in the case the a-olefin is an a-olefin of not less than 4 carbon atoms. 
[0580] The intrinsic viscosity of the ethylene (co)polymer (B2-1) measured at 135*C in decalin is not specifically 
limited and it is desirable to be generally 0.4 to 7 dl/g and preferably 0.5 to 5 dl/g. 

[0581] Additionally, the ethylene (co)polymer (B2-1) may comprise a repeating unit derived from another compound 
polymerizable with ethylene or an a-olefin besides a repeating unit derived from ethylene and an a-olefin of 3 to 20 
carbon atoms. 

[0582] As such compounds, the foregoing polyene compound such as a chain polyene compound, a cyclic polyene 
compound, and the likes and a cyclic monoene compound can be exemplified. 

[0583] The ethylene (co)polymer (B1 -1 ) may further comprise a constituent monomer derived from styrene or sub- 
stituted styrene. Such other compounds may be used solely or in combination with one another. The content of another 
compound component is generally 1 to 20 mole% and preferably 2 to 15 mole%. 

[0584] As an ethylene (co)pofymer (B2-1), an ethylene homopolymer or a copolymer of ethylene and an a-olefin of 
3 to 8 carbon atoms is preferable. 

[0585] The foregoing ethylene (co)polymer (A2) is not included in the ethylene (co)polymer (B2-1). That is, the eth- 
ylene (co)polymer (B2-1) is 0.1 or more methyl branches measured by 13 C-NMR per 1,000 carbon atoms. 
[0586] An ethylene (co)polymer (B2-1 ) can be produced by homopolymerizing ethylene by a conventionally known 
method or copolymerizing ethylene and an a-olefin by a conventionally known method. The polymerization reaction 
can be carried out in gas-phase (a gas-phase polymerization method) as well as in liquid-phase (a liquid-phase po- 
lymerization method). 

[0587] In an ethylene (co)polymer composition (C2-1), it is desirable that the weight ratio (A2 : B2) of an ethylene 
(co)polymer (A2) and another polymer (B2) is 1 : 99 to 99 : 1 and preferably 10 : 90 to 90 : 10. 
[0588] Regarding an ethylene (co)polymer composition (C2-1 ), additives exemplified as the additives allowed to be 
added to ethylene (co)polymers (A1) to (A5) may be added if necessary as long as the additives do not depart from 
the purposes of the present invention. 

[0589] An ethylene (co)polymer composition (C2-1) can be produced by a known method and, for example, it can 
be produced from an ethylene (co)polymer (A2) and another polymer (B2) and other components to be added if nec- 
essary by the same methods as the methods of producing the foregoing ethylene (co)potymer composition (C1-1). 
[0590] The foregoing ethylene (co)polymer composition (C2-1) is excellent moldability and mechanical strength. 

Ethylene (co)polymer composition (C3-1) 

[0591] An ethylene (co)polymer composition (C3-1) comprises the above described ethylene (co)polymer (A3) and 
an un-modified other polymer (B3) besides (A3). 

[0592] As another polymer (B3), the following can be exemplified; polyolefin, besides the above described ethylene 
(co)polymer (A3), such as high density polyethylene, middle density polyethylene, high pressure low density polyeth- 
ylene, straight chain low density polyethylene, ethylene-propylene copolymer, propylene polymer, propylene-ethylene 
copolymer, propylene-1 -butene copolymer, 1-butene polymer, and the likes; and thermoplastic resin such as polya- 
m ides, polyesters, polyacetals, polystyrenes, polycarbonates and among them, an ethylene (co)polymer (B3-1 ) besides 
the above described ethylene (co)polymer (A3) is preferable. 

[0593] An ethylene (co)polymer (B3-1 ) is an ethylene homopolymer or a copolymer of ethylene and an a-olefin of 3 
to 20 carbon atoms. As an a-oiefin of 3 to 20 carbon atoms, the foregoing a-olefins of 3 to 20 carbon atoms can be 
exemplified. 

[0594] I n the case the ethylene (co)polymer (B3-1 ) is a copolymer of ethylene and an a-olefin , the mole ratio (ethylene/ 
a-olefin) of ethylene and the a-olefin depends on the types of the a-olefin and is generally 1/99 to 99/1 , preferably 
50/50 to 95/5. The mole ratio is preferably 50/50 to 90/10 in the case the a-olefin is propylene and the mole ratio is 
preferably 80/20 to 95/5 in the case the a-olefin is an a-olefin of not less than 4 carbon atoms. 
[0595] The intrinsic viscosity of the ethylene (co)polymer (B3-1) measured at 135°C in decalin is not specifically 
limited and it is desirable to be generally 0.4 to 7 dl/g and preferably 0.5 to 5 dl/g. 

[0596] Additionally, the ethylene (co)polymer (B3-1) may comprise a repeating unit derived from another compound 
polymerizable with ethylene or an a-olefin besides a repeating unit derived from ethylene and an a-olefin of 3 to 20 
carbon atoms. 

[0597] As such compounds, the foregoing polyene compound such as a chain polyene compound, a cyclic polyene 
compound, and the likes and a cyclic monoene compound can be exemplified. 

[0598] The ethylene (co)polymer (B3-1) may further comprise a constituent monomer derived from styrene or sub- 
stituted styrene. Such other compounds may be used solely or in combination with one another. The content of another 
compound component is generally 1 to 20 mole% and preferably 2 to 15 mole%. 

[0599] As an ethylene (co)polymer (B3-1 ), an ethylene homopolymer or a copolymer of ethylene and an a-olefin of 
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3 to 8 carbon atoms is preferable. 

[0600] The foregoing ethylene (co)polymer (A3) is not included in the ethylene (co)polymer (B3-1). That is, the eth- 
ylene (co)polymer (B3-1 ) does not satisfy at least one of the foregoing requirements (i^) and which the ethylene 
(co)polymer (A3) satisfies. 

5 [0601] An ethylene (co)polymer (B3-1) can be produced by homopolymerlzing ethylene by a conventionally known 
method or copolymerizing ethylene and an a-olefin by a conventionally known method. The polymerization reaction 
can be carried out in gas-phase (a gas-phase polymerization method) as well as in liquid-phase (a liquid-phase po- 
lymerization method). 

[0602] In an ethylene (co)polymer composition (C3-1), it is desirable that the weight ratio (A3 : B3) of an ethylene 
io (co)polymer (A3) and another polymer (B3) is 1 : 99 to 99 : 1 and preferably 1 0 : 90 to 90 : 1 0. 

[0603] Regarding an ethylene (co)polymer composition (C3-1 ), additives exemplified as the additives allowed to be 
added to ethylene (co)polymers (A1) to (AS) may be added if necessary as long as the additives do not depart from 
the purposes of the present invention. 

[0604] An ethylene (co)polymer composition (C3-1) can be produced by a known method and, for example, it can 
15 be produced from an ethylene (co)polymer (A3) and another polymer (B3) and other components to be added if nec- 
essary by the same methods as the methods of the foregoing ethylene (co)polymer composition (C1-1). 
[0605] The foregoing ethylene (co)polymer composition (C3-1) is excellent moldability and mechanical strength. 

Ethylene (co)polymer composition (C4-1) 

20 

[0606] An ethylene (co)polymer composition (C4-1 ) comprises the above described ethylene (co)polymer (A4) and 
an un-modified other polymer (B4) besides (A4). 

[0607] As another polymer (B4), the following can be exemplified; polyolefin, besides the above described ethylene 
(co)polymer (A4), such as high density polyethylene, middle density polyethylene, high pressure low density polyeth- 
25 ylene, straight chain low density polyethylene, ethylene-propylene copolymer, propylene polymer, propylene-ethylene 
copolymer, propylene-1 -butene copolymer, 1 -butene polymer, and the likes; and thermoplastic resin such as polya- 
mides, polyesters, polyacetals, polystyrenes, polycarbonates and among them, an ethylene (co)polymer(B4-1) besides 
the above described ethylene (co)polymer (A4) is preferable. 

[0608] An ethylene (co)polymer (B4-1 ) is an ethylene homopolymer or a copolymer of ethylene and an a-olefin of 3 
30 to 20 carbon atoms. As an a-olefin of 3 to 20 carbon atoms, the foregoing a-olefins of 3 to 20 carbon atoms can be 
exemplified. 

[0609] In the case the ethylene (co)polymer (B4-1) is a copolymer of ethylene and an a-olefin, the mole ratio (eth- 
ylene/a-oiefln) of ethylene and the a-olefin depends on the types of the a-olefin and is generally 1/99 to 99/1 , preferably 
50/50 to 95/5. The mole ratio is preferably 50/50 to 90/10 In the case the a-olefin is propylene and the mole ratio is 
35 preferably 80/20 to 95/5 in the case the a-olefin is an a-olefin of not less than 4 carbon atoms. 

[0610] The intrinsic viscosity of the ethylene (co)polymer (B4-1) measured at 135°C in decalin is not specifically 
limited and it is desirable to be generally 0.4 to 7 dl/g and preferably 0.5 to 5 dl/g. 

[0611] Additionally, the ethylene (co)polymer (B4-1) may comprise a repeating unit derived from another compound 
polymerizable with ethylene or an a-olefin besides a repeating unit derived from ethylene and an a-olefin of 3 to 20 
carbon atoms. 

[061 2] As such compounds, the foregoing polyene compound such as a chain polyene compound, a cyclic polyene 
compound, and the likes and a cyclic monoene compound can be exemplified. 

[0613] The ethylene (co)polymer (B4-1 ) may further comprise a constituent monomer derived from styrene or sub- 
stituted styrene. Such other compounds may be used solely or in combination with one another. The content of another 
45 compound component is generally 1 to 20 mole% and preferably 2 to 15 mole%. 

[0614] As an ethylene (co)polymer (B4-1), an ethylene homopolymer or a copolymer of ethylene and an a-olefin of 
3 to 8 carbon atoms is preferable. 

[0615] The foregoing ethylene (co)polymer (A4) is not included in the ethylene (co)polymer (B4-1). That is, the eth- 
ylene (co)polyrner (B4-1 ) does not satisfy the foregoing requirement (i A4 ) which the ethylene (co)polymer (A4) satisfies. 
50 [0616] An ethylene (co)polymer (B4-1 ) can be produced by homopolymerlzing ethylene by a conventionally known 
method or copolymerizing ethylene and an a-olefin by a conventionally known method. The polymerization reaction 
can be carried out in gas-phase (a gas-phase polymerization method) and In liquid-phase (a liquid-phase polymerization 
method) as well. 

[0617] In an ethylene (co)polymer composition (C4-1), it is desirable that the weight ratio (A4 : B4) of an ethylene 
55 (co)porymer (A4) and another polymer (B4) is 1 : 99 to 99 : 1 and preferably 10 : 90 to 90 : 10. 

[0618] Regarding an ethylene (co)polymer composition (C4-1), additives exemplified as the additives allowed to be 
added to ethylene (co)polymers (A1) to (A5) may be added if necessary as long as the additives do not depart from 
the purposes of the present invention. 
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[0619] An ethylene (co)polymer composition (C4-1) can be produced by a known method and, for example, it can 
be produced from an ethylene (co)polymer (A4) and another polymer (B4) and other components to be added if nec- 
essary by the same methods as the methods of the foregoing ethylene (co)polymer composition (C1-1). 
[0620] The foregoing ethylene (co)polymer composition (C4-1) is excellent moldabillty and mechanical strength. 

5 

Ethylene (co)polymer composition (C5-1) 

[0621] An ethylene (co)poiymer composition (C5-1) comprises the above described ethylene (co)polymer (A5) and 
an un-modified other polymer (B5) besides (A5). 

10 [0622] As another polymer (B6), the following can be exemplified; polyolefin, besides the above described ethylene 
(co)poiymer (A5), such as high density polyethylene, middle density polyethylene, high pressure low density polyeth- 
ylene, straight chain low density polyethylene, ethylene-propylene copolymer, propylene polymer, propylene-ethylene 
copolymer, propylene-1 -butene copolymer, 1 -butene polymer, and the likes; and thermoplastic resin such as polya- 
mides, polyesters, polyacetals, polystyrenes, polycarbonates and among them, an ethylene (co)polymer (B5-1) besides 

is the above described ethylene (co)polymer (A5) is preferable. 

[0623] An ethylene (co)polymer (B5-1 ) is an ethylene homopolymer or a copolymer of ethylene and an a-olefin of 3 
to 20 carbon atoms. As an a-olefin of 3 to 20 carbon atoms, the same one as the foregoing can be exemplified. 
[0624] In the case the ethylene (co)polymer (B5-1 ) is a copolymer of ethylene and an a-olefin, the mole ratio (ethylene/ 
a-olefin) of ethylene and the a-olefin depends on the types of the a-olefin and is generally 1/99 to 99/1, preferably 

20 50/50 to 95/5. The mole ratio is preferably 50/50 to 90/10 in the case the a-olefin is propylene and the mole ratio is 
preferably 80/20 to 95/5 in the case the a-olefin is an a-olefin of not less than 4 carbon atoms. 
[0625] The intrinsic viscosity of the ethylene (co)polymer (B5-1) measured at 135°C in decalin is not specifically 
limited and It is desirable to be generally a range of 0.4 to 7 dl/g and preferably a range of 0.5 to 5 dl/g. 
[0626] Additionally, the ethylene (co)polymer (B5-1 ) may comprise a repeating unit derived from another compound 

25 polymerizable with ethylene or an a-olefin besides a repeating unit derived from ethylene and an a-olefin of 3 to 20 
carbon atoms. 

[0627] As such compounds, the foregoing polyene compound such as a chain polyene compound, a cyclic polyene 
compound, and the likes and a cyclic monoene compound can be exemplified. 

[0628] The ethylene (co)polymer (B5-1 ) may further comprise a constituent monomer derived from styrene or sub- 
30 stituted styrene. Such other compounds may be used solely or in combination with one another. The content of another 
compound component is generally 1 to 20 mole% and preferably 2 to 15 mole%. 

[0629] As an ethylene (co)polymer (B5-1 ), an ethylene homopolymer or a copolymer of ethylene and an a-olefin of 
3 to 8 carbon atoms Is preferable. 

[0630] The foregoing ethylene (co)polymer (A5) is not included in the ethylene (co)polymer (B5-1). That is, the eth- 
35 ylene (co)polymer (B5-1 ) does not satisfy the foregoing requirement (i A5 ) which the ethylene (co)polymer (A5) satisfies. 
[0631] An ethylene (co)polymer (B5-1) can be produced by homopolymerlzing ethylene by a conventionally known 
method or copolymerizlng ethylene and an a-olefin by a conventionally known method. The polymerization reaction 
can be carried out in gas-phase (a gas-phase polymerization method) and in liquid-phase (a liquid-phase polymerization 
method) as well. 

40 [0632] In an ethylene (co)polymer composition (C5-1), it is desirable that the weight ratio (A5 : B5) of an ethylene 
( copolymer (A5) and another polymer (B4) is 1 : 99 to 99 : 1 and preferably 10 : 90 to 90 : 10. 
[0633] Regarding an ethylene (co)polymer composition (C5-1 ), additives exemplified as the additives allowed to be 
added to ethylene (co)polymers (A1) to (A5) may be added if necessary as long as the additives do not depart from 
the purposes of the present invention. 

45 [0634] An ethylene (co)polymer composition (C5-1) can be produced by a known method and, for example, it can 
be produced from an ethylene (co)polymer (A5) and another polymer (B5) and other components to be added if nec- 
essary by the same methods as the methods of the foregoing ethylene (co)polymer composition (C1 -1 ). 
[0635] The foregoing ethylene (co)polymer composition (C5-1) is excellent moldabillty and mechanical strength. 

50 Molded product 

[0636] As a molded product of ethylene (co)polymers (A1) to (A5) of the present invention or ethylene (co)polymer 
compositions (C1 -1 ) to (C5-1), the following are concrete examples; a blow molded product, an inflation molded product, 
a cast molded product, an extrusion laminated molded product, an extrusion molded product, a foam molded product, 
55 an Injection molded product, and the likes. Additionally, the molded product can be used for fibers, monofilaments, 
unwoven fabrics, and the likes. 

[0637] Those molded products include molded products produced from only one of ethylene (co)polymers (A1) to 
(A5) and ethylene (co)polymer compositions (C1-1) to (C5-1) and molded products (laminated products) comprising 
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parts produced from one of ethylene (co)polymers (A1 ) to ( A5) and ethylene (co)polymer compositions (C1 -1 ) to (C5-1 ) 
and parts produced from other resin. 

[0638] A molded product produced from ethylene (co)polymers (A1 ) to (A5) and ethylene (co)porymer compositions 
(C1-1) to (C5-1) and a molding method will be described below in details using an ethylene (co)polymer (A1) and 
s regarding ethylene (co)polymers (A2) to (A5) and ethylene (co)polymer compositions (C1-1) to (C1-5), they are the 
same. 

A blow molded product 

10 [0639] As a blow molded product, an extrusion blow molded product, an injection blow molded product, and the likes 
can be exemplified. 

[0640] Ethylene (co)polymers (A1 ) to (A5) have excellent moldability and excellent mechanical strength. From that 
point, they are especially suitable to be molded by blow molding. 

[0641] An extrusion blow molded product can be obtained by extruding an ethylene (co)polymer (A1) in a melted 
15 state at 100 to 300°C resin temperature out of a die to form a tubular parison, holding the parison in a mold with a 
desired shape, and then blowing air to stick the parison to the mold at 1 00 to 300°C resin temperature. The stretching 
(blowing) ratio is preferably 1 .5 to 5 times in the transverse direction. 

[0642] An injection blow molded product can be obtained by intruding an ethylene (co)polymer (A1 ) at 1 00 to 300°C 
resin temperature into a parison mold to give a parison, holding the parison in a mold with a desired shape, and then 
20 blowing air to stick the parison to the mold at 1 20 to 300°C resin temperature. The stretching (blowing) ratio is preferably 
1 .1 to 1 .8 time in the vertical direction and 1 .3 to 2.5 times in the transverse direction. 

[0643] As a blow molded product, large scale or middle scale blow molded products such as gasoline tanks, chemical 
agent cans for industrial use, and the likes and various types of bottles and tubes can be exemplified. 
[0644] A blow molded product may be produced from a laminated product constituted of at least one layer of the 
25 foregoing ethylene (co)polymer (A1 ) and at least one layer of other resin. Other resin can be selected corresponding 
to purposes and, for example, nylon, polyvinyl alcohol, modified polyolefins, and polypropylenes are preferable. A blow 
molded product produced from a laminated product may be produced by co-extrusion molding and posterior sticking 
process as well. 

so An inflation molded product 

[0645] Since ethylene (co)polymers (A1) to (A5) have excellent bubble stability, they have excellent inflation mold- 
ability and from a viewpoint of their excellent mechanical strength, they are especially suitable to be molded by inflation 
molding. 

35 [0646] An inflation molded product can be obtained by, for example, molding methods such as conventional air- 
cooled inflation molding, air-cooled two-step cooled inflation molding, high speed inflation molding, water-cooled infla- 
tion molding, and the likes. 

[0647] A film (an inflation molded product) obtained by inflation molding an ethylene (co)polymer (A1) are suitable 
for various types of film for packaging such as standardized bags, laminated bags, wrapping films, laminated substrates, 
40 sugar bags, oil packaging bags, aqueous material packaging bags, food packagings; liquid transfusion bags, agricul- 
tural materials, and the likes. 

[0648] An inflation molded product may be produced from a laminated product constituted of at least one layer of 
the foregoing ethylene (co)polymer (A1 ) and at least one layer of other resin. Other resin can be selected corresponding 
to purposes and, for example, nylon, polyvinyl alcohol, modified polyolefins, and polypropylenes are preferable. An 
45 inflation molded product produced from a laminated product may be produced by co-extrusion molding and posterior 
sticking process as well. 

A cast molded product 

50 [0649] Ethylene (co)polymers (A1) to (A5) have excellent cast moldability and excellent mechanical strength and 
from that point, they are especially suitable to be molded by cast molding. 

[0650] In the case of producing a cast molded product from an ethylene (co)polymer (A1 ), conventionally known cast 
film extrusion apparatus and molding condition can be employed and, for example, a uniaxial screw extruder, a kneading 
extruder, a ram extruder, a gear extruder, and the likes can be used to mold a melted ethylene (co)polymer Into a sheet 
55 or a film (un-stretched) by extrusion out of a T-die. 

[0651] A stretched film can be obtained by stretching such an above described extrusion sheet or an extrusion film 
(un-stretched) by a known stretching method such as a tenter method (vertical -transverse stretching, transverse-ver- 
tical stretching), a simultaneous biaxial stretching method, a uniaxial stretching method, and the likes. 
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[0652] The stretching ratio at the time of stretching a sheet or un-stretched film is generally about 20 to 70 times in 
the case of biaxial stretching and generally abut 2 to 10 times in the case of a uniaxial stretching. It is desirable to 
obtain an oriented film having a thickness of about 5 to 20 |im by stretching. 

[0653] Further, a multilayer film can be produced. Forexample, using an ethylene (co)polymer (A1), a multilayer film 
5 can be produced in combination with a film-like material selected from a polyamide film, a polyester film, and an alu- 
minum foil. In this case, a multilayer film can be produced by extruding an ethylene (co)polymer (A1) on the above 
described film-like material, joining them, and cooling and taking out the resultant film-like material in the same condi- 
tions. 

[0654] Furthermore, a multilayer film can also be produced by the following method. At first, a film is produced from 
10 an ethylene (co)polymer (A1) by the above described method. Next, the film is stuck to one type of film-like materials 
selected from a polyamide film, a polyester film, and an aluminum foil by an adhesive to give a multilayer film. 
[0655] The foregoing polyamide film is not especially limited and particularly, a film of nylon-6, nylon-11 , nylon-66, 
nylon-610, or the like can be exemplified. The foregoing polyester film is not especially limited and particularly, a film 
of polyethylene terephthalate), which is a condensate polyester of terephthalic acid and ethylene glycol, a copolymer 
is polyester of terephthalic acid-isophthalic acid-ethylene glycol, and a polyester produced from terephthalic acid and 
cyclohexane-1 ,4-dlmethanol can be exemplified. The foregoing polyamide film and polyester film are preferably films 
stretched by biaxial stretching. The foregoing adhesive is preferably an adhesive such as urethane-based adhesive 
and the likes. 

[0656] A multilayer film is a multilayer film with double-layer structure comprising a film of an ethylene (co)polymer 
20 (A1 ) and one of a polyamide film, a polyester film, and an aluminum foil and is also a multilayer film having a layer 
structure comprising 3 or more layers including the double-layer structure. 

[0657] A film of the above described ethylene (co)polymer (A1) can be used solely as it is and may be used as a 
multilayerfilm by being stuck to a polyamide film, a polyester film, or a metal foil such as an aluminum foil and the likes. 
[0658] A monolayer film made of an ethylene (co)polymer (A1) can be used as it is for various types of wrapping 
25 films. Themonolayer film is especially suitable for wrapping weighty aqueous materials such as aquatic products and 
agricultural products. On the other hand, themultllayerfllm can be used for wrapping food such as meats, confectionery, 
and the likes which demand gas barrier property and also can be used for wrapping meats such as ham and sausage 
and liquids such as soup and mayonnaise. 

30 An extrusion laminated molded product 

[0659] Since ethylene (co)polymers (A1 ) to (A5) can easily be extruded and have a low neck-In, they have excellent 
extrusion lamination moldability and are suitable to be molded by extrusion lamination molding to give an extrusion 
laminated molded product. 

35 [0660] An extrusion laminated molded product is constituted of a substrate and the foregoing ethylene (co)polymer 
(A1) layer and such an extrusion laminated molded product can be obtained by extrusion coating a substrate with an 
ethylene (co)polymer (A1). 

[0661] A substrate is not specifically limited as long as it is film moldability and an optional polymer, paper, an alu- 
minum foil, cellophane, and the likes can be employed. As such a polymer, for example, the following can be exem- 

40 pllfied; olefin type polymers such as high density polyethylene, middle, low density polyethylene, ethylene-vinyl acetate 
copolymer, ethylene-acrylic acid ester copolymer, ionomer, polypropylene, poly(l-butene), poty(4-methyl-1 -pentene) 
and the likes; vinyl type polymer such as polyvinyl chloride), poly(vinylidene chloride), polystyrene, polyacrylate, poly- 
acrylonltrile, and the likes; polyamldes such as nylon-6, nylon-66, nylon-10, nylon-11 , nylon-12, nylon-610, poly(m- 
xylylene adipamide) and the likes; polyesters such as poly(ethylene terephthalate), pory(ethylene terephthalate/isoph- 

45 thalate), pohy(butylene terephthalate), and the like; and polyvinyl alcohol), ethylene-vinyl alcohol copolymer, polycar- 
bonates, and the likes. 

[0662] In the case substrates are polymer films (sheets), the polymer films may be non-oriented or may be unlaxially 
or blaxially oriented. Those substrates can properly be selected according to a purpose and an object to be wrapped. 
For example, in the case an object to be wrapped is food easy to get rotten, resin such as polyamldes, poly(viny1idene 
so chloride), ethylene-vinyl alcohol copolymer, polyvinyl alcohol), polyesters, and the likes, which have excellent trans- 
parency, rigidity, and gas permeation resistance, can be used. In the case an object to be wrapped is confectionery 
and fiber wrapping is carried out, polypropylene and the likes having excellent transparency, rigidity, and water per- 
meation resistance are preferable to be used. 

[0663] An extrusion laminated molded product can be produced by, for example coating a substrate with an ethylene 
55 (co)polymer (A1 ) by extrusion coating method using a T-die. 

[0664] As described above, at the time of extrusion coating with an ethylene (co)polymer (A1), a substrate may be 
coated directly with an ethylene (co)polymer (A1) by extrusion coating or in order to heighten the adhesive strength 
between a substrate and the ethylene (co)polymer (A1), with a known method, for example, an anchor coating agent 
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such as an organotitanium type, polyethylene (mine type, an isocyanate type agent, or the like is applied to a substrate 
or an under resin layer of such as an adhesive polyolefin, a polyethylene by high pressure method, or the like is formed 
on a substrate and then the substrate may be coated with the ethylene (co)polymer (A1 ) by extrusion coating. 
[0665] The processing temperature (the resin temperature in a T-die) at the time of extrusion coating of a substrate 

5 with an ethylene (co)polymer (A1) or an under resin Is determined in consideration of the adhesion property between 
the substrate and the ethylene (co)polymer (A1), between the substrate and the under resin (adhesive polyolefins, 
polyethylenes by high pressure method, and the likes), and between the under resin and the ethylene (co)polymer 
(A1 ) and heat seal property and productivity of laminated products, and the processing temperature is preferably 230 
to 330°C, further preferably 280 to 320°C, and furthermore preferably 285 to 305°C. 

10 [0666] It is also effective to forcibly oxidize the surface of a film of melted resin extruded out of a T-die by blowing 
ozone to the film in order to reliably obtain excellent adhesion property between a substrate and resin (either under 
resin or an ethylene (co)polymer (A1 )) contacting the substrate. 

[0667] Extrusion coating is carried out at preferably 20 to 300 m/minute and further preferably 40 to 200 m/minute 
processing speed. 

15 [0668] Such an extrusion laminated molded product is suitable for use as various types of wrapping bags, e.g. aque- 
ous product wrapping bags for liquid soup, pickles, konjak spaghetti, and the likes, paste type product wrapping bags 
for miso, jam, and the likes, powder product wrapping bags for sugar, flour and flaky and powdery food, and wrapping 
bags for pharmaceutical tablets and granules. 

20 An extrusion molded product 

[0669] As an extrusion molded product, a pipe molded product, a profile extrusion molded product, an electric wire- 
coating molded boy, and the likes can be exemplified. 

[0670] Since ethylene (co)polymers (A1 ) to (A5) can easily be extruded and have excellent shape retaining property 
25 at the time of melting, they have excellent extrusion moldability and are suitable to be molded by extrusion molding. 

[0671] In the case of producing an extrusion molded product from an ethylene (co)polymer (A1), conventionally 

known extrusion apparatus and molding condition can be employed and, for example, a uniaxial screw extruder, a 

kneading extruder, a ram extruder, a gear extruder, and the likes can be used to mold a melted ethylene (co)polymer 

(A1 ) into a sheet or a film (un -stretched) by extrusion out of a T-die. 
30 [0672] As the extrusion molded product, various types of pipes such as gas, tap water and sewage pipes, hot water 

pipes, and the likes, various types of coatings for electric wires and the likes, and spacers for optical fiber cables can 

be exemplified. 

A foam molded product 

35 ' " "~ ~~ ~" 

[0673] Ethylene (co)polymers (A1 ) to (A5) are provided with excellent foaming property owing to the high melt tension 
and are capable of providing foamed products with even and high foaming ratio and from that point, they are suitable 
to be molded by foam molding. 

[0674] A foam molded product can be produced by mixing a foaming agent with an ethylene (co)polymer (A1) and 
40 generating foams in a resin molded product by gasifying the foaming agent or generating decomposition gas by heating 
or decreasing the pressure of the resultant mixture. 

[0675] As a method for producing a foamed product from an ethylene (co)polymer (A1 ) of the present invention, the 
following can be exemplified. 

45 0 An extrusion foaming method 

[0676] A foamed product can continuously be obtained by putting an ethylene (co)polymer (A1) to a hopper of an 
extruder, injecting a physical type foaming agent through a pressure injection hole equipped in a middle of the extruder 
at the time of extruding the resin at the temperature near the melting point, and extruding the ethylene (co)polymer out 

so of a mouth piece with a desired shape. 

[0677] As the physical foaming agent, for example, volatile foaming agents such as flon, butane, pentane, hexane, 
cyclohexane, and the likes; and inorganic gas based foaming agents such as nitrogen, air, water, carbon dioxide gas, 
and the likes can be exemplified. Additionally, at the time of extrusion foaming, foam nucleus forming agent such as 
calcium carbonate, talc, clay, magnesium oxide, and the likes may be added. 

55 [0678] The mixing ratio of a physical foaming agent is generally 5 to 60 parts by weight and preferably 1 0 to 50 parts 
by weight to 1 00 parts by weight of an ethylene (co)polymer (A1 ). If the mixing ratio of a physical foaming agent is too 
small, the foaming property of a foamed product is deteriorated and, on the contrary, It Is too high, the strength of the 
foamed product is deteriorated. 
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® A foaming method using a thermal decomposition type foaming agent 

[0679] An ethylene (co)polymer (A1 ), an organic thermal decomposition type foaming agent such as azodicarbon- 
amide, and other additives and thermoplastic resins optionally are mixed and kneaded by a mixing and kneading 

5 apparatus such as a uniaxial extruder, a biaxial extruder, a Banbury mixer, a kneader mixer, rolls, and the likes at a 
temperature lower than the decomposition temperature of the thermal decomposition type foaming agent to produce 
a foaming resin composition and the composition is molded generally into a sheet-like shape. Then, the sheet is heated 
to a temperature higher than the decomposition temperature of the foaming agent to give a foamed product. 
[0680] The mixing ratio of an organic thermal decomposition type foaming agent is generally 1 to 50 parts by weight 

10 and preferably 4 to 25 parts by weight to 1 00 parts by weight of an ethylene (co)polymer (A1 ). If the mixing ratio of an 
organic thermal decomposition type foaming agent is too small , the foaming property of a foamed product is deteriorated 
and, on the contrary, it is too high, the strength of the foamed product is deteriorated. 

© A foaming method in pressure container 

15 

[0681] An ethylene (co)polymer (A1 ) is molded into a sheet-like or block-like shape by a press machine or an extruder. 
Next, the molded product is charged in a pressure container, a physical foaming agent is sufficiently dissolved in the 
resin and then the pressure is decreased to produce a foamed product. Alternatively, it is also possible to carry out 
foaming by filling a pressure container in which a molded product is put with a physical foaming agent in a room 
20 temperature and pressurizing the inside, taking out the resultant molded product after the pressure of the container Is 
decreased, and heating the molded product in an oil bath or an oven. 

[0682] Further, a cross-linked foamed product can be obtained by previously cross-linking an ethylene (co)polymer 
(A1). Generally, as a cross-linking method, a method for cross-linking by thermally decomposing a peroxide radical 
generating agent mixed with resin, cross-linking by radiating Ionization radiation, cross-linking by radiating ionization 

25 radiation in the presence of a polyfunctional monomer, and silane cross-linking can be exemplified. 

[0683] To produce a cross-linked foamed product by those methods, an ethylene (co)polymer (A1 ), an organic ther- 
mal decomposition type foaming agent, and a polyfunctional monomer as a cross-linking auxiliary agent and other 
additives are mixed and kneaded at a temperature lower than the decomposition temperature of the thermal decom- 
position type foaming agent and molded into a sheet-like shape. The obtained foaming resin composition sheet is 

30 cross-linked by radiating a prescribed dose of ionization radiation and then the cross-linked sheet is heated to a tem- 
perature higher than the decomposition temperature of the foaming agent to carry out foaming. As the ionization radi- 
ation, ct-ray, p-ray, 7-ray, electron beam, and the likes can be exemplified. Instead of radiation cross-linking by ionization 
radiation, peroxide cross-linking and silane cross-linking can be carried out. 

[0684] A foamed molded product can be formed into a various types of shapes such as rod-like, tube-like, tape-like, 
35 and sheet-like shapes and used for buffer agents, heat insulating materials, base materials of wet compress pad agents, 
shoe bottoms, sponge, and the likes. 

An injection molded product 

40 [0685] Since ethylene (co)polymers (A1 ) to (A5) can easily be Injection-molded at high speed owing to their excellent 
fluidity and have excellent mechanical strength owing to their high intrinsic viscosity, they are suitable to be molded by 
injection molding. 

[0686] An injection-molded product can be produced from the foregoing ethylene (co)polymer (A1 ). As an injection 
molding method, conventionally carried out injection molding methods can be employed with no specific limitation. 
45 [0687] As an injection-molded product, ordinary miscellaneous goods, automotive parts, and the likes can be exem- 
plified. 

[0688] As above described molded products, a biow molded product, an extrusion molded product, a foamed molded 
product, an injection molded product have high rigidity and are therefore preferable. Those molded products can stand 
to breaks even in the case high stress is applied to the molded products. As molded products, an extrusion molded 

so product is especially preferable and among them, a pipe is especially preferable. 

[0689] Further, in addition to the above described requirement, in the case an ethylene (co)polymer (A2) contains a 
comonomer, a molded product can stand break even if a relatively low stress is applied for a long duration to the molded 
product. That Is, the molded product is provided with especially excellent fatigue strength. That is, therefore, especially 
preferable in the case of an extrusion molded product. 

55 [0690] A pipe is preferable among molded products produced from an ethylene (co)polymer (A2) of the present 
invention. 
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A graft-modified ethylene (co)polymer 

[0691] A graft-modified ethylene (co)polymer (A1 -1) is a modified polymer produced by graft-modifying an ethylene 
(co)polymer (A1) by a polar monomer. The graft amount of graft group derived from the polar monomer in the graft- 
5 modified ethylene (co)polymer (A1 -1 ) is within generally a range of 0.1 to 50% by weight and preferably a range of 0.2 
to 30% by weight. 

[0692] A graft-modified ethylene (co)polymer (A1 -1) is characterized by having high adhesion strength to a material 
with high polarity, excellent mechanical strength, and moldability by various molding methods. 

[0693] Such a graft-modified ethylene (co)polymer (A1 -1 ) can be produced by reaction of the foregoing ethylene (co) 
10 polymer (A1) and a polar monomer which will be described later in the presence of a radical initiator. 

[0694] A graft-modified ethylene (co)polymer (A2-1) is a modified polymer produced by graft-modifying an ethylene 
(co)polymer (A2) by a polar monomer. The graft amount of graft group derived from the polar monomer in the graft- 
modified ethylene (co)polymer (A2-1 ) is within generally a range of 0.1 to 50% by weight and preferably a range of 0.2 
to 30% by weight. 

15 [0695] A graft-modified ethylene (co)polymer (A2-1) is characterized by having high adhesion strength to a material 
with high polarity, excellent mechanical strength, and moldability by various molding methods. 
[0696] Such a graft-modified ethylene (co)polymer (A2-1 ) can be produced by reaction of the foregoing ethylene (co) 
polymer (A2) and a polar monomer which will be described later in the presence of a radical initiator. 
[0697] A graft-modified ethylene (co)polymer (A3-1) is a modified polymer produced by graft-modifying an ethylene 

20 (co)polymer (A3) by a polar monomer. The graft amount of graft group derived from the polar monomer in the graft- 
modified ethylene (co)polymer (A3-1 ) is within generally a range of 0.1 to 50% by weight and preferably a range of 0.2 
to 30% by weight. 

[0698] A graft-modified ethylene (co)polymer (A3-1) is characterized by having high adhesion strength to a materia! 
with high polarity, excellent mechanical strength, and moldability by various molding methods. 

25 [0699] Such a graft-modified ethylene (co)polymer (A3-1 ) can be produced by reaction of the foregoing ethylene (co) 
polymer (A3) and a polar monomer which will be described later in the presence of a radical initiator. 
[0700] A graft-modified ethylene (co)polymer (A4-1) is a modified polymer produced by graft-modifying an ethylene 
(co)polymer (A4) by a polar monomer. The graft amount of graft group derived from the polar monomer in the graft- 
modified ethylene (co)polymer (A4-1 ) is within generally a range of 0.1 to 50% weight by and preferably a range of 0.2 

30 to 30% by weight. 

[0701] A graft-modified ethylene (co)polymer (A4-1) is characterized by having high adhesion strength to a material 
with high polarity, excellent mechanical strength owing to high intrinsic viscosity, and moldability by various molding 
methods. 

[0702] Such a graft-modified ethylene (co)polymer (A4-1 ) can be produced by reaction of the foregoing ethylene (co) 
35 polymer (A4) and a polar monomer which will be described later in the presence of a radical initiator. 

[0703] A graft-modified ethylene (co)polymer (A5-1 ) is a modified polymer produced by graft-modifying an ethylene 
(co)polymer (A5) by a polar monomer. The graft amount of graft group derived from the polar monomer in the graft- 
modified ethylene (co)polymer (A5-1 ) is within generally a range of 0,1 to 50% by weight and preferably a range of 0.2 
to 30% by weight. 

40 [0704] A graft-modified ethylene (co)polymer (A5-1) is characterized by having high adhesion strength to a material 
with high polarity, excellent mechanical strength, and moldability by various molding methods. 
[0705] Such a graft-modified ethylene (co)polymer (A5-1 ) can be produced by reaction of the foregoing ethylene (co) 
polymer (A5) and a polar monomer which will be described later in the presence of a radical initiator. 
[0706] A method for producing graft-modified ethylene (co)polymers (A1 -1 ) to (A5-1 ) will be described below in details 

« using a graft-modified ethylene (co)polymer (A11 ) as an example and regarding graft-modified ethylene (co)polymers 
(A2-1) to (A5-1) can be produced in the same manner. 

[0707] As a polar monomer to be used for modification, the following can be exemplified; hydroxy group -containing 
ethylenic unsaturated compounds, amino group-containing ethylenic unsaturated compounds, epoxy group-containing 
ethylenic unsaturated compounds, aromatic vinyl compounds, unsaturated carboxylic acids and their derivatives, vinyl 

50 ester compounds, vinyl chloride, and the likes. 

[0708] Particularly, as the hydroxy group-containing ethylenic unsaturated compounds, the following can be exem- 
plified; (meth)acrylic acid esters such as hydroxyethyl (meth)acrylate, 2-hydroxypropyl (meth)acrylate, 3-hydroxypropyl 
(meth)acrylate, 2-hydroxy-3-phenoxypropyl (meth)acrylate, 3-chloro-2-hydroxypropyl (meth)acrylate, glycerin mono 
(meth)acrylate, pentaerythritol mono(meth)acrylate, trimethylo I propane mono(meth)acrylate, tetremethylolethane mo- 

55 no(meth)acrylate, butanediol mono(meth)acrylate, polyethylene glycol mono(meth)acrylate, 2-(6-hydroxyhexanoy- 
loxy) ethylacrylate, and the likes; 10-undecene-1-ol, 1-octene-3-ol, 2-methanolnorbornene, hydroxylstyrene, hydrox- 
yethyl vinyl ether, hydroxylbutyl vinyl ether, N-methylol acrylamide, 2-(meth)acryloyloxyethyl acid phosphate, glycerin 
mono ally! ether, ally! alcohol, allyloxy ethanol, 2-buthen-1 ,4,diol, glycerin monoalcohol, and the likes. 
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[0709] An amino group-containing ethylenic unsaturated compound is a compound having an ethylenic double bond 
and amino group and as such a compound, a vinyl type monomer having at least one type of an amino group and 
substituted amino groups can be exemplified. 



R' 



\ 

R 2 

[0710] Where, R 1 denotes hydrogen atom, methyl group, or ethyl group; R 2 denotes hydrogen atom, an alkyl group 
of 1 to 12 carbon atoms, preferably 1 to 8 carbon atoms, or a cycloalkyl group of 6 to 12, preferably 6 to 8 carbon 
atoms. The foregoing alkyl group and cycloalkyl group may further have substituent groups. 
[0711] As such an amino group-containing ethylenic unsaturated compound, the following are concrete examples; 
alkyl ester types derivatives of acrylic acid or methacrylic acid such as amlnoethyl (meth) aery late, propylaminoethyl 
(meth)acrylate, dimethylaminoethyl meth aery late, aminopropyl (meth)acrylate, phenylaminoethyl methacrylate, cy- 
ciohexylaminoethyl methacrylate, and the likes; vinylamine derivatives such as N-vinyldiethylamine, N-acetylvi- 
nylamine, and the likes; allylamine type derivatives such as allylamine, methallylamine, N-methylallylamine, N,N- 
dimethylallylamine, N.N-dimethylaminopropylallylamine, and the likes; acrylamide type derivatives such as acrylamide, 
N-methylacrylamide, and the likes; aminostyrenes such as p-aminostyrene; 6-aminohexylsuccinic imide; and 2-ami- 
noethylsuccinic imide. 

[0712] As an epoxy group-containing ethylenic unsaturated compound is a monomer containing one or more polym- 
erizable unsaturated bonds and epoxy groups in one molecule and as such an epoxy group-containing ethylenic un- 
saturated compound, concrete examples are following; glycidyl acrylate, glycidyl methacrylate; dicarboxylic acid mono- 
and alkylglycidyl ester (in the case of monoglycidyl ester, the number of carbon atoms of alkyl group is 1 to 12) such 
as maleic acid mono- and di-glycidyl ester, f umaric acid mono- and di-glycidyl ester, crotonic acid mono- and di-glycidyl 
ester, tetrehydrophthalic acid mono- and di-glycidyl ester, itaconic acid mono- and di-glycidyl ester, butenetricarboxylic 
acid mono- and di-glycidyl ester, cftraconic acid mono- and di-glycidyl ester, endo-cis-bicyclo(2.2.1]hepto-5-en-2,3-di- 
carboxylic acid (nadic acid™) mono- and di-glycidyl ester, endo-cls-bicycto[2.2.l ]hepto-5-en-2-methyl-2,3-dicarboxylic 
acid (methyl nadic acid™) mono- and di-glycidyl ester, allylsuccinlc acid mono- and di-glycidyl ester; p-styrenecarboxyllc 
acid alkylglycidyl ester, allyl glycidyl ether, 2-methylallyJ glycidyl ether, styrene-p-glycidyl ether, 3,4-epoxy-1-butene, 
3,4-epoxy-3-methyM-butene, 3,4-epoxy-1-pentene, 3,4-epoxy-3-methyl-1-pentene, 5,6-epoxy-l-hexene, vinylcy- 
clohexene monoxide, and the likes. 

[0713] As an aromatic vinyl compound, for example, compounds having the following formula can be exemplified. 



R l C =CR 2 




[0714] In the above illustrated formula, R 1 and R 2 may be the same or different to each other and separately denote 
hydrogen atom or an alkyl group of 1 to 3 carbon atoms; particularly methyl, ethyl, propyl, or isopropyl group. R 3 denotes 
hydrocarbon group of 1 to 3 carbon atoms or a halogen atom: particularly methyl, ethyl, propyl or isopropyl group as 
well as chlorine, bromine, or iodine atom. Further, n is generally an integer from 0 to 5 and preferably an integer from 
1 to 5. 

[0715] Concrete examples of the aromatic vinyl compound are following; compounds having the above illustrated 
formula such as styrene, a-methylstyrene, o-methylstyrene, p-methylstyrene, m-methylstyrene, p-chlorostyrene, m- 
chlorostyrene, p-chloromethylstyrene, and the likes; 4-vinylpyridine, 2-vinylpyridine, 5-ethyl-2-vinylpyridine, 2-methyl- 
5-vinylpyridine, 2-isopropenylpyridine, 2-vinylquinoline, 3-vinylisoquinoline, N-vinylcarbazole, N-vinylpyrrolidone, and 
the likes. 
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[0716] As an unsaturated carboxylic acid, the following are examples; acrylic acid, methacrylic acid, maleic acid, 
f umaric acid, tetrahydrophthalic acid, itaconic acid, citraconic acid, crotonic acid, isocrotonic acid, norbornenedicarbo- 
xylic acid t bicycio[2.2.1]hepto-2-en-5,6~dlcarboxyllc acid, or anhydrides of these acids, or their derivatives, (e.g. acid 
halides, amides, imides, esters, and the likes). Concrete compounds are exemplified as following; malenyl chloride, 
malenylimide, maleic anhydride, Itaconic anhydride, citraconic anhydride, tetrahydrophthalic anhydride, bicyclo[2.2.1] 
hepto-2-en-5,6-dicarboxylic anhydride, dimethyl maleate, monomethyl maleate, diethyl maleate, diethyl fumarate, 
dimethyl itaconate, diethyl citraconate, dimethyl tetrahydrophthalate, dimethyl bicycle[2.2.1]hepto-2-en-5,6-dicarbox- 
ylate, hydroxyethyl (meth)acrylate, hydroxypropyl (meth)acrylate, glycidyl (meth)acrylate, aminoethyl methacrylate, 
aminopropyl methacrylate, and the likes. Among them, (meth)acrylic acid, maleic anhydride, hydroxyethyl (meth)acr- 
yiate, glycidyl methacrylate, and aminopropyl methacrylate are preferable. 

[071 7] As a vinyl ester compounds, the following are examples; vinyl acetate, vinyl propionate, vinyl n-butyrate, vinyl 
isobutyrate, vinyl pivalate, vinyl caproate : vinyl versatate, vinyl iaurate, vinyl etearate, vinyl benzoate, vinyl p-tert-butyl- 
benzoate, vinyl salicylate, vinyl cyclohexanecarboxylate, and the likes. 

[0718] Generally 1 to 100 parts by weight, preferably 5 to 80 parts by weight of the foregoing monomer is used to 
100 parts by weight of an ethylene (co)polymer (A1 ). 

[0719] As a radical initiator, organic peroxides or azo compounds can be exemplified. Concrete examples of the 
organic peroxides are following; dicumyl peroxide, di-tert-butyl peroxide, 2,5-dimethyl-2,5-bis(tert-butylperoxy)hexane, 
2,5-dirnethyl-2,5-bis(tert-butylperoxy)hexyne-3, 1 ,3-bis(tert-butylperoxyisopropyl)benzene, 1 ,1-bis(tert-butylperoxy) 
varelate, benzoyl peroxide, tert-butylperoxy benzoate, acetyl peroxide, isobutyryl peroxide, octanoyl peroxide, de- 
canoyl peroxide, lauroyl peroxide, 3,5,5-trimethylhexanoyl peroxide, 2,4-dichlorobenzoyl peroxide, m-tolyl peroxide, 
and the likes. As an azo compound, azoisobutyronitrile, dimethylazoisobutyronitrile, and the likes can be exemplified, 
[0720] It is preferable to add generally 0.001 to 10 parts by weight of such a radical initiator to 100 parts by weight 
of the foregoing ethylene (co)polymer (A1). 

[0721] A radical initiator can be used being mixed as it is with an ethylene (co)polymer (A1) and a polar monomer 
and may be used while being dissolved in a small amount of an organic solvent As an organic solvent to be used in 
that case, any organic solvent capable of dissolving a radical initiator can be used with no specific limit. As such an 
organic solvent, the following can be exemplified; aromatic hydrocarbon solvents such as benzene, toluene, xylene, 
and the likes; aliphatic hydrocarbon type solvents such as pentane, hexane, heptane, octane, nonane, and decane; 
aiicyclic hydrocarbon type solvents such as cyciohexane, methylcyciohexane, decahydronaphthalene, and the likes; 
chlorohydrocarbons such as chlorobenzene, dichlorobenzene, trichlorobenzene, methylene chloride, chloroform, tet- 
rachioromethane, andtetreachloroethylene; alcohol type solvents such as methanol, ethanol, n-propanol, isopropanol, 
n-butanol, sec-butanol, and tert-butanol; ketone type solvents such as acetone, methyl ethyl ketone, and methyl isobutyl 
ketone; ester type solvents such as ethyl acetate and dimethyl phthalate; and ether type solvents such as dimethyl 
ether, diethyl ether, di-n-amyl ether, tetrahydrofuran, dioxyanisole, and the likes. 

[0722] At the time of graft-modifying an ethylene (co) polymer (A1 ), a reductive substance may be used. A reductive 
substance is effective to increase the graft quantity of an obtained graft-modified ethylene (co)polymer (A1-1). 
[0723] As a reductive substance, compounds containing groups such as -SH, S03H, -NHNH 2 , -COCH(OH)-, and 
the likes as well as ferrous ion, chromium ion s cobalt ion, nickel ion, palladium ion, sulfite salts, hydroxylamine, hydrazine 
and the likes can be exemplified. 

[0724] Concrete examples of such a reductive substance are following; ferrous chloride, potassium dichromate, 
cobalt chloride, cobalt naphthenate, palladium chloride, ethanolamine, diethanolamine, N.N-demethylaniline, hydra- 
zine, ethylmercaptan, benzenesulfonic acid, p-toluenesulfonic acid, and the likes. 

[0725] Generally 0.001 to 5 parts by weight, preferably 0.1 to 3 parts by weight of the foregoing reductive substance 
is added to 100 parts by weight of an ethylene (co)polymer (A1). 

[0726] An ethylene (co)polymer (A1) can be graft-modified by a conventionally known method and, for example, 
graft-modification is carried out by dissolving an ethylene (co)polymer (A1) in an organic solvent, dissolving a polar 
monomer and radical initiator in the resultant solution, and carrying out reaction at 70 to 200°C, preferably 80 to 1 90°C 
for 0.5 to 15 hours, preferable 1 to 10 hours. 

[0727] As an organic solvent to be used for graft-modification of an ethylene (co)polymer (A1 ), any organic solvent 
capable of dissolving the ethylene (co)polymer (A1) can be used without specific limitation. 

[0728] As such an organic solvent, aromatic hydrocarbon solvents such as benzene, toluene, xylene, and the likes 
and aliphatic hydrocarbon type solvents such as pentane, hexane, heptane can be exemplified. 
[0729] A graft-modified ethylene (co)polymer (A1-1) can also be produced by reaction of an ethylene (co)polymer 
(A1) and a polar monomer In the absence of a solvent using an extruder. The reaction temperature is generally not 
lower than the melting point of the ethylene (co)polymer (A1), particularly within a range of 120 to 250°C and the 
reaction time in such temperature conditions is generally 0.5 to 10 minutes. 
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Graft-Modified ethylene (co)polymer composition (C1-2) 

[0730] A graft-modified ethylene (co)polymer composition (C1 -2) comprises the above described graft-modified eth- 
ylene (co)polymer (A1-1) and an un-modlfied other polymer (D1). 
5 [0731] As another polymer (D1), the following can be exemplified; polyolefin s such as high density polyethylene, 
medium density polyethylene, high pressure low density polyethylene; straight chain low density polyethylene, ethyl- 
ene-propylene copolymer, propylene polymer, propylene-ethylene copolymer, propylene-1 -butene copolymer, 
1-butene polymer, and the likes; and thermoplastic resin such as polyamides, polyesters, polyacetals, polystyrenes, 
polycarbonates and among them, an ethylene (co)polymer (D1-1) is preferable. The ethylene (co)polymer (D1-1) in- 
to eludes the foregoing ethylene (co)polymer (A1 ). 

[0732] An ethylene (co)polymer (D1 -1 ) is an ethylene homopolymer or a copolymer of ethylene and an a-olefin of 3 
to 20 carbon atoms. As an a-olefin of 3 to 20 carbon atoms, the same olefins as the foregoing a-olefins can be exem- 
plified. 

[0733] In the case the ethylene (co)polymer (D1-1) is a copolymer of ethylene and an a-olefin, the mole ratio (eth- 
15 ylene/a-olefin) of ethylene and the a-olefin depends on the types of the a-olefin and is generally 1/99 to 99/1 , preferably 

50/50 to 95/5. The mole ratio is preferably 50/50 to 90/10 in the case the a-olefin is propylene and the mole ratio is 

preferably 80/20 to 95/5 in the case the a-olefin is an a-olefin of not less than 4 carbon atoms. 

[0734] The intrinsic viscosity of the ethylene (co)polymer (D1-1) measured at 135°C in decalin is desirable to be 

generally 0.4 to 7 dl/g and preferably 0.5 to 5 dl/g. 
20 [0735] Additionally, the ethylene (co)polymer (D1 -1 ) may comprise a repeating unit derived from another compound 

polymerizable with ethylene or an a-olefin besides a repeating unit derived from ethylene and an a-olefin of 3 to 20 

carbon atoms. 

[0736] As such other compounds, a polyene compound such as a chain polyene compound, a cyclic polyene com- 
pound, and the likes and a cyclic monoene compound can be exemplified. 
25 [0737] Additionally, the ethylene (co)polymer (D1 -1) may further comprise a constituent monomer derived from sty- 
rene or substituted styrene. Such other compounds may be used solely or in combination with one another. The content 
of another compound component is generally 1 to 20 mole% and preferably 2 to 15 mole%. 

[0738] As an ethylene (co)polymer (D1 -1 ), an ethylene homopolymer or a copolymer of ethylene and an a-olefin of 
3 to 8 carbon atoms is preferable. 
30 [0739] The polymers of the ethylene (co)polymer (D1-1), besides ethylene (co)polymer (A1), can be obtained by 
homopolymerizing ethylene by a conventionally known method or copolymerizing ethylene and an a-olefin by a con- 
ventionally known method. The polymerization reaction can be carried out in gas-phase (a gas-phase polymerization 
method) as well as In liquid-phase (a liquid-phase polymerization method). 

[0740] In an ethylene (co)polymer composition (C1-2), it is desirable that the weight ratio (A1-1 : D1) of a graft- 
35 modified ethylene (co)polymer (A1-1) and another polymer (D1) Is 1 : 99 to 99 : 1 and preferably 10 : 90 to 90 : 10. 
[0741] Regarding a graft-modified ethylene (co)polymer composition (C1 -2), additives exemplified as the additives 
allowed to be added to ethylene (co)polymers (A1) to (AS) may be added if necessary as long as the additives do not 
depart from the purposes of the present invention. 

[0742] A graft-modified ethylene (co)polymer composition (C1 -2) can be produced by a known method and, for ex- 
40 ample, it can be produced from a graft-modified ethylene (co)polymer (A-1 ), another polymer, preferably ethylene (co) 
polymer (D1 -1 ) , and other components to be added If necessary by the same methods as the methods of the foregoing 
ethylene (co)polymer composition (C1-1). 

[0743] The foregoing graft-modified ethylene (co)polymer composition (C1-2) is characterized by high adhesion 
strength to a material with high polarity, excellent mechanical strength, and excellent moldability to various type of 
45 molding methods. 

Graft-modified ethylene (co)polymer composition (C2-2) 

[0744] A graft-modified ethylene (co)polymer composition (C2-2) comprises the above described graft-modified eth- 

50 yiene (co)polymer (A2-1 ) and an un-modified other polymer (D2). 

[0745] As another polymer (D2), the following can be exemplified; polyolefin : such as high density polyethylene, 
middle density polyethylene, high pressure low density polyethylene, straight chain low density polyethylene, ethylene- 
propylene copolymer, propylene polymer, propylene-ethylene copolymer, propylene-1 -butene copolymer, 1-butene pol- 
ymer, and the likes; and thermoplastic resin such as polyamides, polyesters, polyacetals, polystyrenes, polycarbo nates 

55 and among them, an ethylene (co)polymer (D2-1 ) is preferable. The ethylene (co)polymer (D2-1 ) includes the foregoing 
ethylene (co)polymer (A2). 

[0746] An ethylene (co)polymer (D2-1 ) is an ethylene homopolymer or a copolymer of ethylene and an a-olefin of 3 
to 20 carbon atoms. As an a-olefin of 3 to 20 carbon atoms, the same olefins as the foregoing a-olefins can be exem- 
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plified. 

[0747] In the case the ethylene (co)polymer (D2-1) is a copolymer of ethylene and an a-olefin, the mole ratio (eth- 
ylene/a-olefin) of ethylene and the a-olefin depends on the types of the a-olefln and Is generally 1/99 to 99/1 , preferably 
50/50 to 95/5. The mole ratio is preferably 50/50 to 90/10 in the case the a-olefin is propylene and the mole ratio is 
preferably 80/20 to 95/5 In the case the a-olefin is an a-olefln of not less than 4 carbon atoms. 
[0748] The intrinsic viscosity of the ethylene (co)polymer (D2-1) measured at 135°C in decalin is desirable to be 
generally 0.4 to 7 dl/g and preferably 0.5 to 5 dl/g. 

[0749] Additionally, the ethylene (co)polymer (D2-1 ) may comprise a repeating unit derived from another compound 
polymerizable with ethylene or an a-olefin besides a repeating unit derived from ethylene and an a-olefin of 3 to 20 
carbon atoms. 

[0750] As such other compounds, a polyene compound such as a chain polyene compound, a cyclic polyene com- 
pound, and the likes and a cyclic monoene compound can be exemplified. 

[0751 ] Additionally, the ethylene (co)polymer (D2-1 ) may further comprise a constituent monomer derived from sty- 
rene or substituted styrene. Such other compounds may be used solely or in combination with one another. The content 
of another compound component is generally 1 to 20 mole% and preferably 2 to 15 mole%. 

[0752] As an ethylene (co)polymer (D2-1 ), an ethylene homopolymer or a copolymer of ethylene and an a-olefin of 
3 to 8 carbon atoms is preferable. 

[0753] The polymers of the ethylene (co)polymer (D2-1), besides ethylene (co)polymer (A), can be obtained by 
homopolymerizing ethylene by a conventionally known method or copolymerizing ethylene and an a-olefin by a con- 
ventionally known method. The polymerization reaction can be carried out in gas-phase (a gas-phase polymerization 
method) as well as in liquid-phase (a liquid-phase polymerization method). 

[0754] In an ethylene (co)polymer composition (C2-2), it is desirable that the weight ratio (A2-1 : D2) of a graft- 
modified ethylene (co)polymer (A2-1) and another polymer (D) is 1 : 99 to 99 : 1 and preferably 10 : 90 to 90 : 10. 
[0755] Regarding a graft-modified ethylene (co)polymer composition (C2-2), additives exemplified as the additives 
allowed to be added to ethylene (co)polymers (A1) to (A5) may be added if necessary as long as the additives do not 
depart from the purposes of the present invention. 

[0756] A graft-modified ethylene (co)polymer composition (C2-2) can be produced by a known method and, for ex- 
ample, it can be produced from a graft-modified ethylene (co)polymer (A2-1), another polymer, preferably ethylene 
(co)poiymer (D2-1), and other components to be added if necessary by the same methods as the methods of the 
foregoing ethylene (co)polymer composition (C1-1). 

[0757] The foregoing graft-modified ethylene (co)polyrner composition (C2-2) is characterized by high adhesion 
strength to a material with high polarity, excellent mechanical strength, and excellent moldability to various type of 
molding methods. 

Graft-modified ethylene (co)polymer composition (C3-2) 

[0758] A graft-modified ethylene (co)polymer composition (C3-2) comprises the above described graft-modified eth- 
ylene (co)polymer (A3-1 ) and an un-modified other polymer (D3). 

[0759] As another polymer (D3), the following can be exemplified; polyolefin, such as high density polyethylene, 
middle density polyethylene, high pressure low density polyethylene, straight chain low density polyethylene, ethylene- 
propylene copolymer, propylene polymer, propylene-ethylene copolymer, propylene-1 -butene copolymer, 1 -butene pol- 
ymer, and the likes; and thermoplastic resin such as polyarnides, polyesters, polyacetals, polystyrenes, polycarbonates 
and among them , an ethylene (co)polymer (D3-1 ) is preferable. The ethylene (co)polymer (D3-1 ) includes the foregoing 
ethylene (co)polymer (A3). 

[0760] An ethylene (co)polymer (D3-1 ) is an ethylene homopolymer or a copolymer of ethylene and an a-olefin of 3 
to 20 carbon atoms. As an a-olefin of 3 to 20 carbon atoms, the same olefins as the foregoing a-olefins can be exem- 
plified. 

[0761] In the case the ethylene (co)polymer (D3-1) is a copolymer of ethylene and an a-olefin, the mole ratio (eth- 
ylene/a-olef in) of ethylene and the a-olefin depends on the types of the a-olefln and is generally 1 /99 to 99/1 , preferably 
50/50 to 95/5. The mole ratio is preferably 50/50 to 90/1 0 in the case the a-olefin is propylene and the mole ratio is 
preferably 80/20 to 95/5 in the case the a-olefin is an a-olefln of not less than 4 carbon atoms. 
[0762] The intrinsic viscosity of the ethylene (co)polymer (D3-1) measured at 135°C in decalin is desirable to be 
generally 0.4 to 7 dl/g and preferably 0.5 to 5 dl/g. 

[0763] Additionally, the ethylene (co)polymer (D3-1 ) may comprise a repeating unit derived from another compound 
polymerizable with ethylene or an a-olefin besides a repeating unit derived from ethylene and an a-olefin of 3 to 20 
carbon atoms. 

[0764] As such other compounds, a polyene compound such as a chain polyene compound, a cyclic polyene com- 
pound, and the likes and a cyclic monoene compound can be exemplified. 
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[0765] Additionally, the ethylene (co)polymer (D3-1) may further comprise a constituent monomer derived from sty- 
rene or substituted styrene. Such other compounds may be used solely or in combination with one another. The content 
of another compound component is generally 1 to 20 mole% and preferably 2 to 15 mole%. 

[0766] As an ethylene (co)polymer (D3-1), an ethylene homopolymer or a copolymer of ethylene and an ct-olefin of 

s 3 to 8 carbon atoms is preferable. 

[0767] The polymers of the ethylene (co)polymer (D3-1), besides ethylene (co)polymer (A3), can be obtained by 
homopolymerizing ethylene by a conventionally known method or copolymerizing ethylene and an a-olefin by a con- 
ventionally known method. The polymerization reaction can be carried out in gas-phase (a gas-phase polymerization 
method) as well as in liquid-phase (a liquid-phase polymerization method). 

10 [0768] In an ethylene (co)potymer composition (C3-2), it is desirable that the weight ratio (A3-1 : D3) of a graft- 
modified ethylene (co)potymer (A3-1) and another polymer (D3) is 1 ; 99 to 99 : 1 and preferably 10 : 90 to 90 : 10. 
[0769] Regarding a graft-modified ethylene (co)polymer composition (C3-2), additives exemplified as the additives 
allowed to be added to ethylene (co)polymers (A1) to (A5) may be added if necessary as long as the additives do not 
depart from the purposes of the present invention. 

15 [0770] A graft-modified ethylene (co)polymer composition (C3-2) can be produced by a known method and, for ex- 
ample, it can be produced from a graft-modified ethylene (co)polymer (A3-1), another polymer, preferably ethylene 
(co)polymer (D3-1), and other components to be added if necessary by the same methods as the methods of the 
foregoing ethylene (co)polymer composition (C1-1). 

[0771] The foregoing graft-modified ethylene (co)polymer composition (C3-2) is characterized by high adhesion 
20 strength to a material with high polarity, excellent mechanical strength, and excellent moldability to various type of 
molding methods. 

Graft-modified ethylene (co)polymer composition (C4-2) 

25 [0772] A graft-modified ethylene (co)polymer composition (C4-2) comprises the above described graft-modified eth- 
ylene (co)polymer (A4-1) and an un-modified other polymer (D4). 

[0773] As another polymer (D4), the following can be exemplified; polyolefin, such as high density polyethylene, 
middle density polyethylene, high pressure low density polyethylene, straight chain low density polyethylene, ethylene- 
propylene copolymer, propylene polymer, propylene-ethylene copolymer, propylene- 1 -butene copolymer, 1 -butene pol- 
30 ymer, and the likes; and thermoplastic resin such as polyamides, polyesters, polyacetals, polystyrenes, polycarbonates 
and among them, an ethylene (co)polymer(D4-1 ) is preferable. The ethylene (co)polymer(D4-l) includes the foregoing 
ethylene (co)polymer (A4). 

[0774] An ethylene (co)polymer (D4-1 ) is an ethylene homopolymer or a copolymer of ethylene and an a-o!efin of 3 
to 20 carbon atoms. As an a-olefin of 3 to 20 carbon atoms, the same olefins as the foregoing a-olefins can be exem- 
35 plrfied. 

[0775] In the case the ethylene (co)polymer (D4-1) is a copolymer of ethylene and an a-olefin, the mole ratio (eth- 
ylene/a-olefin) of ethylene and the a-olefin depends on the types of the a-olefin and Is generally 1 /99 to 99/1 , preferably 
50/50 to 95/5. The mole ratio is preferably 50/50 to 90/10 in the case the a-olefin is propylene and the mole ratio is 
preferably 80/20 to 95/5 in the case the a-olefin is an a-olefin of not less than 4 carbon atoms. 
40 [0776] The intrinsic viscosity of the ethylene (co)polymer (D4-1) measured at 135°C in decalin is desirable to be 
generally 0.4 to 7 dl/g and preferably 0.5 to 5 dl/g. 

[0777] Additionally, the ethylene (co)polymer (D4-1) may comprise a repeating unit derived from another compound 
polymerizable with ethylene or an a-olefin besides a repeating unit derived from ethylene and an a-olefin of 3 to 20 
carbon atoms. 

45 [0778] As such other compounds, a polyene compound such as a chain polyene compound, a cyclic polyene com- 
pound, and the likes and a cyclic monoene compound can be exemplified. 

[0779] Additionally, the ethylene (co)potymer (D4-1) may further comprise a constituent monomer derived from sty- 
rene or substituted styrene. Such other compounds may be used solely or in combination with one another. The content 
of another compound component is generally 1 to 20 mole% and preferably 2 to 15 mole%. 
so [0780] As an ethylene (co)polymer (D4-1 ), an ethylene homopolymer or a copolymer of ethylene and an a-olefin of 
3 to 8 carbon atoms is preferable. 

[0781] The polymers of the ethylene (co)polymer (D4-1), besides ethylene (co)polymer (A4), can be obtained by 
homopolymerizing ethylene by a conventionally known method or copolymerizing ethylene and an a-olefin by a con- 
ventionally known method. The polymerization reaction can be carried out in gas-phase (a gas-phase polymerization 
55 method) as well as In liquid-phase (a liquid-phase polymerization method). 

[0782] In an ethylene (co)polymer composition (C4-2), it is desirable that the weight ratio (A4-1 : D4) of a graft- 
modified ethylene (co)pofymer (A4-1) and another polymer (D4) is 1 : 99 to 99 : 1 and preferably 10 : 90 to 90 : 10. 
[0783] Regarding a graft-modified ethylene (co)polymer composition (C4-2), additives exemplified as the additives 
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allowed to be added to ethylene (co)polymers (A1) to (A5) may be added if necessary as long as the additives do not 
depart from the purposes of the present invention. 

[0784] A graft-modified ethylene (co)polymer composition (C4-2) can be produced by a known method and, for ex- 
ample, it can be produced from a graft-modified ethylene (co)polymer (A4-1), another polymer, preferably ethylene 
5 (co)polymer (D4-1), and other components to be added if necessary by the same methods as the methods of the 
foregoing ethylene (co)polymer composition (C1-1). 

[0785] The foregoing graft-modified ethylene (co)polymer composition (C4-2) is characterized by high adhesion 
strength to a material with high polarity, excellent mechanical strength, and excellent moldability to various type of 
molding methods. 

10 

Graft-modified ethylene (co)polymer composition (C5-2) 

[0786] A graft-modified ethylene (co)polymer composition (C5-2) comprises the above described graft-modified eth- 
ylene (co)polymer (A5-1) and an un-modified other polymer (D5). 

15 [0787] As another polymer (D5), the following can be exemplified; polyolefin, such as high density polyethylene, 
middle density polyethylene, high pressure low density polyethylene, straight chain low density polyethylene, ethylene- 
propylene copolymer, propylene polymer, propylene-ethylene copolymer, propylene- 1 -butene copolymer, 1 -butene pol- 
ymer, and the likes; and thermoplastic resin such as polyamides, polyesters, polyacetals, polystyrenes, polycarbonates 
and among them, an ethylene (co)polymer (D5-1 ) is preferable. The ethylene (co)porymer (D5-1 ) includes the foregoing 

20 ethylene (co)polymer (A5). 

[0788] An ethylene (co)polymer (D5-1 ) is an ethylene homopolymer or a copolymer of ethylene and an a-olefin of 3 
to 20 carbon atoms. As an a-olefin of 3 to 20 carbon atoms, the same olefins as the foregoing a-olefins can be exem- 
plified. 

[0789] In the case the ethylene (co)polymer (D5-1) is a copolymer of ethylene and an a-olefin, the mole ratio (eth- 
25 ylene/a-olefin) of ethylene and the a-olefin depends on the types of the a-olefin and is generally 1/99 to 99/1 , preferably 

50/50 to 95/5. The mole ratio is preferably 50/50 to 90/10 in the case the a-olefin is propylene and the mole ratio is 

preferably 80/20 to 95/5 in the case the a-olefin is an a-olefin of not less than 4 carbon atoms. 

[0790] The intrinsic viscosity of the ethylene (co)polymer (D5-1) measured at 135°C in decalin is desirable to be 

generally 0.4 to 7 dl/g and preferably 0.5 to 5 dt/g. 
30 [0791 ] Additionally, the ethylene (co)polymer (D5-1 ) may comprise a repeating unit derived from another compound 

polymerizable with ethylene or an a-olefin besides a repeating unit derived from ethylene and an a-olefin of 3 to 20 

carbon atoms. 

[0792] As such other compounds, a polyene compound such as a chain polyene compound, a cyclic polyene com- 
pound, and the likes and a cyclic monoene compound can be exemplified. 
35 [0793] Additionally, the ethylene (co)poiymer (D5-1) may further comprise a constituent monomer derived from sty- 
rene or substituted styrene. Such other compounds may be used solely or in combination with one another. The content 
of another compound component is generally 1 to 20 mole% and preferably 2 to 15 mole%. 

[0794] As an ethylene (co)polymer (D5-1 ), an ethylene homopolymer or a copolymer of ethylene and an a-olefin of 
3 to 8 carbon atoms is preferable. 
40 [0795] The polymers of the ethylene (co)polymer (D5-1), besides ethylene (co)polymer (AS), can be obtained by 
homopolymerizing ethylene by a conventionally known method or copolymerizing ethylene and an a-olefin by a con- 
ventionally known method. The polymerization reaction can be carried out in gas-phase (a gas-phase polymerization 
method) as well as In liquid-phase (a liquid-phase polymerization method). 

[0796] In an ethylene (co)polymer composition (C5-2), it is desirable that the weight ratio (A5-1 : D5) of a graft- 
45 modified ethylene (co)polymer (A5-1) and another polymer (D5) is 1 : 99 to 99 : 1 and preferably 10 : 90 to 90 : 10. 
[0797] Regarding a graft-modified ethylene (co)polymer composition (C5-2), additives exemplified as the additives 
allowed to be added to ethylene (co)polymers (A1) to (A5) may be added if necessary as long as the additives do not 
depart from the purposes of the present invention. 

[0798] A graft-modified ethylene (co)polymer composition (C5-2) can be produced by a known method and, for ex- 
50 ample, it can be produced from a graft-modified ethylene (co)polymer (A5-1), another polymer, preferably ethylene 
(co)polymer (D5-1), and other components to be added If necessary by the same methods as the methods of the 
foregoing ethylene (co) polymer composition (C1-1). 

[0799] The graft-modified ethylene (co)polymer composition (C5-2) is characterized by high adhesion strength to a 
material with high polarity, excellent mechanical strength, and excellent moldability to various type of molding methods. 

55 

Use of graft-modified ethylene (co)polvmer and graft-modified ethylene (co)polymer composition 

[0800] The foregoing graft-modified ethylene (co)polymers (A1 -1 ) to (A5-1 ) and graft-modified ethylene (co)polymer 
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compositions (C1-2) to (C5-2) can be processed by common press molding, air cooling inflation molding, air cooling 
two step cooling inflation molding, high speed inflation molding, T-die film molding, water cooling inflation molding and 
the likes to give films. A film molded by such a manner is excellent transparency and excellent mechanical strength, 
and heat seal property, hot tack property, high heat resistance, good blocking property, and the likes which are char- 

5 acterlzed by a conventional LLDPE. 

[0801] A film produced from a graft-modified ethylene (co)poiymer (A1-1) to (A5-1) and a graft-modified ethylene 
(co)polymer composition (C1-2) to (C5-2) is suitable for various types of wrapping films such as standardized bags, 
sugar bags, oil wrapping bags, aqueous product wrapping bags and materials for agriculture. Since the film is high 
adhesion strength to nylon, polyesters, and metal foils, the film can also be used as a multilayer film being stuck to a 

10 substrate of those materials. 

Ethylene (co)polymer composition (C1-3) 

[0802] An ethylene (co)polymer composition (C1-3) comprises ethylene (co)polymer (A1) and a graft-modified eth- 
15 ylene (co)polymer (E1). 

[0803] A graft-modified ethylene (co)polymer (E1 ) is a modified polymer produced by graft-modifying the foregoing 
ethylene (co)polymer (B1-1) by a polar monomer. 

[0804] A graft-modified ethylene (co)polymer (E1 ) can be produced using ethylene (co)polymer (B1 -1 ) by a method 
similar to the method of producing the foregoing graft-modified ethylene (co)polymer (A1-1). 
20 [0805] The graft amount of the graft group derived from a polar monomer of a graft-modified ethylene (co)polymer 
(E1) produced by such a method is generally 0.1 to 50% by weight and preferably 0.2 to 30% by weight. 
[0806] In an ethylene (co)polymer composition (C1-3), it is desirable that the weight ratio (A1 : E1) of an ethylene 
(co)polymer (A1) and a graft-modified ethylene (co)polymer (E1 ) is within a range from 1 : 99 to 99 : 1 , preferably from 
10: 90 to 90: 10. 

25 [0807] An ethylene (co)polymer composition (C1-3) may contain additives exemplified as the additives allowed to 
be added to ethylene (co)poiymers (A1) to (A5) if necessary as long as the additives do not depart from the purposes 
of the present invention. 

[0808] An ethylene (co)polymer composition (C1 -3) can be produced by a known method and, for example, it can 
be produced from an ethylene (co)polymer (A1 ), a graft-modified ethylene (co)polymer (E1), and other components to 
30 be added if necessary by the same methods as the methods employed for producing the foregoing ethylene (co) 
polymer composition (C1 -1 ). 

[0809] The foregoing ethylene (co)polymer composition (C1 -3) is characterized by high adhesion strength to a ma- 
terial with high polarity, excellent mechanical strength, and excellent moldabllity to various type of molding methods. 

55 Ethylene (co)polymer composition (C2-3) 

[0810] A ethylene (co)polymer composition (C2-3) comprises ethylene (co)polymer (A2) and a graft-modified ethyl- 
ene (co)polymer (E2). 

[0811] A graft-modified ethylene (co)polymer (E2) is a modified polymer produced by graft-modifying the foregoing 
40 ethylene (co)polymer (B2-1 ) by a polar monomer. 

[0812] A graft-modified ethylene (co)polymer (E2) can be produced using ethylene (co)polymer (B2-1 ) by a method 
similar to the method of producing the foregoing graft-modified ethylene (co)polymer (A1-1). 

[0813] The graft amount of the graft group derived from a polar monomer of a graft-modified ethylene (co)polyrner 
(E2) produced by such a method is generally 0.1 to 50% by weight and preferably 0.2 to 30% by weight. 
45 [0814] In an ethylene (co)polymer composition (C2-3), It is desirable that the weight ratio (A2 : E2) of an ethylene 
(co)polymer (A2) and a graft-modified ethylene (co)polymer (E2) is within a range from 1 : 99 to 99 : 1 , preferably from 
10: 90 to 90: 10. 

[0815] An ethylene (co)polymer composition (C2-3) may contain additives exemplified as the additives allowed to 
be added to ethylene (co)polymers (A1) to (A5) if necessary as long as the additives do not depart from the purposes 
so of the present invention. 

[0816] An ethylene (co)polymer composition (C2-3) can be produced by a known method and, for example, it can 
be produced from an ethylene (co)polymer (A2), a graft-modified ethylene (co)polymer (E2), and other components to 
be added if necessary by the same methods as the methods employed for producing the foregoing ethylene (co) 
polymer composition (C1 -1 ). 

55 [0817] The foregoing ethylene (co)polymer composition (C2-3) is characterized by high adhesion strength to a ma- 
terial with high polarity, excellent mechanical strength, and excellent moldability to various type of molding methods. 
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Ethylene (co)polymer composition (C3-3) 

[0818] A ethylene (co)polymer composition (C3-3) comprises ethylene (co)polymer (A3) and a graft-modified ethyl- 
ene (co)polymer (E3). 

5 [0819] A graft-modified ethylene (co)polymer (E3) is a modified polymer produced by graft-modifying the foregoing 
ethylene (co)polymer (B3-1) by a polar monomer. 

[0820] A graft-modified ethylene (co)polymer (E3) can be produced using ethylene (co)polymer (B3-1) by a method 
similar to the method of producing the foregoing graft-modified ethylene (co)polymer (A1-1). 

[0821] The graft amount of the graft group derived from a polar monomer of a graft-modified ethylene (co)polymer 
10 (E3) produced by such a method is generally 0.1 to 50% by weight and preferably 0.2 to 30% by weight. 

[0822] In an ethylene (co)polymer composition (C3-3), it is desirable that the weight ratio (A3 : E3) of an ethylene 
(co)polymer (A3) and a graft-modified ethylene (co)polymer (E3) is within a range from 1 : 99 to 99 : 1 , preferably from 
10: 90 to 90: 10. 

[0823] An ethylene (co)polymer composition (C3-3) may contain additives exemplified as the additives allowed to 
15 be added to ethylene (co)polymers (A1 ) to (A5) if necessary as long as the additives do not depart from the purposes 
of the present invention. 

[0824] An ethylene (co)polymer composition (C3-3) can be produced by a known method and, for example, It can 
be produced from an ethylene (co)polymer (A3), a graft-modified ethylene (co)poiyrner (E3), and other components to 
be added If necessary by the same methods as the methods employed for producing the foregoing ethylene (co) 
20 polymer composition (C1 -1 ). 

[0825] The foregoing ethylene (co)polymer composition (C3-3) is characterized by high adhesion strength to a ma- 
terial with high polarity, excellent mechanical strength, and excellent moldability to various type of molding methods. 

Ethylene (co)polymer composition (C4-3) 

25 

[0826] A ethylene (co)polymer composition (C4-3) comprises ethylene (co)polymer (A4) and a graft-modified ethyl- 
ene (co)polymer (E4). 

[0827] A graft-modified ethylene (co)polymer (E4) is a modified polymer produced by graft-modifying the foregoing 
ethylene (co)potymer (B4-1) by a polar monomer. 
30 [0828] A graft-modified ethylene (co)potymer (E4) can be produced using ethylene (co)polymer (B4-1 ) by a method 
similar to the method of producing the foregoing graft-modified ethylene (co)polymer (A1-1). 

[0829] The graft amount of the graft group derived from a polar monomer of a graft-modified ethylene (co)polymer 
(E4) produced by such a method Is generally 0.1 to 50% by weight and preferably 0.2 to 30% by weight. 
[0830] In an ethylene (co)polymer composition (C4-3), it is desirable that the weight ratio (A4 : E4) of an ethylene 
35 (co)polymer (A4) and a graft-modified ethylene (co)polymer (E4) is within a range from 1 : 99 to 99 : 1 , preferably from 
10: 90to90: 10. 

[0831] An ethylene (co)polymer composition (C4-3) may contain additives exemplified as the additives allowed to 
be added to ethylene (co)polymers (A1 ) to (A5) if necessary as long as the additives do not depart from the purposes 
of the present invention. 

*o [0832] An ethylene (co)polymer composition (C4-3) can be produced by a known method and, for example, it can 
be produced from an ethylene (co)polymer (A4), a graft-modified ethylene (co)polymer (E4), and other components to 
be added if necessary by the same methods as the methods employed for producing the foregoing ethylene (co) 
polymer composition (C1 -1 ). 

[0833] The foregoing ethylene (co)polymer composition (C4-3) is characterized by high adhesion strength to a ma- 
^5 terial with high polarity, excellent mechanical strength, and excellent moldability to various type of molding methods. 

Ethylene (co)polymer composition (C5-3) 

[0834] An ethylene (co)polymer composition (C5-3) comprises ethylene (co)polymer (A5) and a graft-modified eth- 
50 ylene (co)polymer (E5). 

[0835] A graft-modified ethylene (co)polymer (E5) is a modified polymer produced by graft-modifying the foregoing 
ethylene (co)polymer (B5-1) by a polar monomer. 

[0836] A graft-modified ethylene (co)poiymer (E5) can be produced using ethylene (co)polymer (B5-1 ) by a method 
similar to the method of producing the foregoing graft-modified ethylene (co)polymer (A1-1). 
55 [0837] The graft amount of the graft group derived from a polar monomer of a graft-modified ethylene (co)poiymer 
(E5) produced by such a method is generally 0.1 to 50% by weight and preferably 0.2 to 30% by weight. 
[0838] In an ethylene (co)polymer composition (C5-3), It is desirable that the weight ratio (A5 : E5) of an ethylene 
(co)polymer (A5) and a graft-modified ethylene (co)polymer (E5) is within a range from 1 : 99 to 99 : 1 , preferably from 



77 



BNSDOCID: <EP 1 16221 1A1J_> 



EP1 162 211 A1 



10: 90 to 90: 10. 

[0839] An ethylene (co)polymer composition (C5-3) may contain additives exemplified as the additives allowed to 
be added to ethylene (co)polymers (A1) to (A5) if necessary as long as the additives do not depart from the purposes 
of the present invention. 

5 [0840] An ethylene (co)polymer composition (C5-3) can be produced by a known method and, for example, It can 
be produced from an ethylene (co)polymer (A5), a graft-modified ethylene (co)polymer (E5), and other components to 
be added if necessary by the same methods as the methods employed for producing the foregoing ethylene (co) 
polymer composition (C1-1). 

[0841] The ethylene (co)polymer composition (C5-3) is characterized by high adhesion strength to a material with 
10 high polarity, excellent mechanical strength, and excellent moldability to various type of molding methods. 

Use of ethylene (co)polymer compositions (C1-3) to (C5-3) 

[0842] The foregoing ethylene (co)polymer compositions (C1-3) to (C5-3) can be processed by common press mold- 
15 ing, air cooling inflation molding, air cooling two step cooling inflation molding, high speed inflation molding, T-dle film 
molding, water cooling inflation molding and the likes to give films. A film molded by such a manner is excellent trans- 
parency and excellent mechanical strength, and heat seal property, hot tack property, high heat resistance, good block- 
ing property, and the likes which are characterized by a conventional LLDPE. 

[0843] A film produced from a ethylene (co)polymer composition (C1 -3) to (C5-3) is suitable for various types of 
20 wrapping films such as standardized bags, sugar bags, oil wrapping bags, aqueous product wrapping bags and ma- 
terials for agriculture. Since the film is high adhesion strength to nylon, polyesters, and metal foils, the film can also 
be used as a multilayer film being stuck to a substrate of those materials. 

Advantages of the Invention 

25 

[0844] Ethylene (co)polymers (A1 ) to (A5) of the present invention have excellent moldability and excellent mechan- 
ical strength. 

[0845] Ethylene (co)polymer compositions (C1 -1 ) to (C5-1 ) of the present invention have excellent moldability and 
excellent mechanical strength. 
30 [0846] Molded products of the present invention have excellent mechanical strength. 

[0847] Graft-modified ethylene (co)polymer (A1 -1 ) to (A5-1 ) of the present invention have high adhesion strength to 
a material with high polarity, excellent mechanical strength, and excellent moldability for various type of molding meth- 
ods. 

[0848] Graft-modified ethylene (co)polymer compositions (C1 -2) to (C5-2) of the present invention have high adhe- 
35 sion strength to a material with high polarity, excellent mechanical strength, and excellent moldability to various type 
of molding methods. 

[0849] Ethylene (co)polymer compositions (C1 -3) to (C5-3) of the present Invention have high adhesion strength to 
a material with high polarity, excellent mechanical strength, and excellent moldability for various type of molding meth- 
ods. 

40 

Examples 

[0850] While the present invention will be described more particularly with reference to examples, the description is, 
however, not intended to have any limitation on the scope of the present invention. 

45 

(Synthesis 1) 

[0851] 2-tert-Butylphenol 7.51 g (50 mmol) and THF (tetrahydrofuran) 54 ml were charged In a sufficiently dried 500 
ml reactor purged with argon, ethylmagnesium bromide 18.53 ml (an ether solution, 3. ON, 55.6 mmol) was added 

so dropwise to the reactor at 0°C in 1 5 minutes and after that, the temperature was gradually raised to a room temperature 
and the resultant mixture was stirred for 1 hour at a room temperature. Toluene 1 80 ml was added, the resultant mixture 
was heated to 100°C, and about 40 ml of the mixed solvents of ether and THF were evaporated off to obtain a slightly 
opaque slurry. After the slurry was cooled to a room temperature, p-formaldehyde 3.75 g (125 mmol) and triethylamlne 
10.45 ml (75 mmol) were added and the resultant mixture was stirred at 88°C for 1 hour. After being cooled to a room 

55 temperature, the mixture was quenched with 1 0% hydrochloric acid and an organic layer was concentrated and purified 
by a silica gel column to obtain 3-tert-butylsalicylaldehyde 6.22 g (yield 70%). 
[0852] 1 H-MMR (CDCI 3 ) : 1.42 (s, 9H), 6.94(t, 1H), 7.25-7.54(m, 2H), 9.86(s, 1H) : 11.79(s, 1H). 
[0853] Ethanol 80 ml, n-octadecylamine 6.06 g (22.5 mmol), and 3-tert-butylsalicylaldehyde 2.84 g (1 5.0 mmol) were 
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charged in a 200 ml reactor sufficiently purged with nitrogen, a small amount of acetic acid was added, and the resultant 
mixture was continuously stirred for 24 hours at a room temperature. The reaction liquid was concentrated in vacuum 
to remove the solvents to obtain a yellow color crystalline compound of the following formula (L1) 56 g (yield 70.7%). 
[0854] 1H-NMR(CDCI 3 ): 0.89(t, 3H), 1 .26(s, 30H), 1 .44(s, 9H), 1.53-1.75(m, 2H), 3.57(t, 2H), 6.79(t, 1H), 7.08-7.11 
5 (dd, 1H), 7.26-7.32(dd, 1H), 8.32(s, 1H), 14.22(1 H). 



nOctadecyl 



15 




[0855] The compound (L1) 0.86 g (2.0 mmol) and ether 20 ml were charged in a sufficiently dried 100 ml reactor 
purged with argon and cooled to-78 Q Cand stirred. To the resultant mixture, n-butyllithium 1 .43 ml (an n-hexane solution, 
1.54M, 2.2 mmol) was added dropwise in 10 minutes and after that, the temperature was gradually raised to a room 

25 temperature and the resultant mixture was stirred for 4 hours at a room temperature to prepare a lithium salt solution. 
The solution was added dropwise to 20 ml of a THF solution which contained ZrCI 4 (THF) 2 complex 0.38 g (1 .0 mmol) 
and was cooled to -78°C. On completion of dropwise addition, the resultant mixture was continuously stirred while 
being gradually heated to a room temperature. The resultant mixture was further stirred for 15 hours at a room tem- 
perature and then the solvents of the reaction liquid were evaporated. The obtained solid was recrystallized by ether/ 

so hexane to obtain a vivid yellow color crystalline compound of the following formula (C1 ) 0.220 g (yield 21 .6%). 

[0856] 1 H-NMR (CDCI 3 ) : 0.88(t, 6H), 1 .25(s, 78H), 1 ,57(S, 4H), 3.59(t, 4H), 6.92<t, 2H), 7.20-7.26(dd, 2H), 7.55-7.62 
(dd,2H), 8.15(s, 1H). 

FD-mass spectrometry; 1018 

35 [General formula (C1 )] 

[0857] 



40 



nOctadecyl 

\ ' ZiCl 2 



50 ^N* ^ 

tBu 



(CI) 



55 (Synthesis 2) 

[0858] 2-tert-Butyl-4-methylphenol 9.68 g (58.93 mmol) and THF 100 ml were charged in a sufficiently dried 1 liter 
reactor purged with nitrogen, ethyl magnesium bromide 23.00 ml (an ether solution, 3.0N, 69.00 mmol) was added 
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dropwise to the reactor at 0°C In 30 minutes and after that, the resultant mixture was gradually heated to a room 
temperature and stirred for 1 hour at a room temperature. Toluene 1 00 ml was added, the resultant mixture was heated 
to 95°C, and the mixed solvents of the etherrTHF were evaporated off to obtain a slightly opaque slurry. After the slurry 
was cooled to a room temperature, toluene 100 ml, p-formaldehyde 4.50 g (149.90 mmol) and triethylamine 12.50 ml 

s (89.93 mmol) were added and the resultant mixture was stirred at 95°C for 2 hour. After being cooled to a room tem- 
perature, the mixture was quenched with 300 ml of 1N hydrochloric acid and an organic layer was concentrated and 
purified by a silica gel column to obtain 3-tert-butyl-5-methylsalicylaldehyde 7.36 g (yield 65%). 
[0859] 1 H-NMR(CDCI 3 ):1.41(s, 9H) t 2.32(t, 3H), 7.1 9(d, 1H), 7.33(d, 1H), 9.83(s, 1H), 11.60(s, 1H). 
[0860] Ethanol 50 ml, n-hexylamine 1.52 g (15.02 mmol), and 3-tert-butyl-5-methylsalicylaldehyde 2.86 g (14.90 

10 mmol) were charged in a 200 ml reactor sufficiently purged with nitrogen and the resultant mixture was continuously 
stirred for 24 hours at a room temperature. The reaction liquid was vacuum concentrated to remove the solvents to 
obtain a yellow color liquid compound of the following formula (L2) 4.14 g (yield 100%). 

[0861] 1 H-NMR(CDCI 3 ): 0.89(t, 3H), 1 .25-1 .43(s, 30H), 1 .43(s, 9H), 1 .60-1 .77(m, 2H), 2.28(s, 3H), 3.56(t, 2H), 6.89 
(s, 1H), 7.1 1(d, 1H), 8.27(s, 1H), 13.94(s, 1H). 

15 

nHexyl 

i 

20 

S ^ tBu 

(L2) 

30 

[0862] The compound (L2) 4.16 g (15.10 mmol) and ether 70 ml were charged in a sufficiently dried 300 ml reactor 
purged with argon and cooled to -78°C and stirred. To the resultant mixture, n-butylllthium 9.40 ml (an n-hexane solution, 
1 .60M, 15.04 mmol) was added dropwise in 30 minutes and after that, the resultant mixture was gradually heated to 

35 a room temperature and continuously stirred for 4 hours at a room temperature to prepare a lithium salt solution. The 
solution was added dropwise to 80 ml of a THF solution of ZrCI 4 (THF) 2 complex 2.85 g (7.56 mmol) cooled to -78°C. 
On completion of dropwise addition, the resultant mixture was continuously stirred while being gradually heated to a 
room temperature. Further, the resultant mixture was stirred for 15 hours at a room temperature and then the solvents 
of the reaction liquid were evaporated. The obtained solid was washed with ether 50 mi and methylen chloride 200 ml 

40 and then the filtered liquid was concentrated followed by washing again with ether 20 ml to obtain a yellow color powder 
compound of the following formula (C2) 4.30 g (yield 80%). 

[0863] 1H-NMR(CDC! 3 ) : 0.74-1 .54 (m, 18H) 1 .55(8, 18H), 2.31 (s, 6H), 3.37-3.68(m, 4H), 6.99(s, 2H), 7.36(s, 2H), 
8.09(s, 2H). 

FD-mass spectrometry: 71 0 

45 



50 



55 
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nHexyl 



10 



5 




tBu 



- ZiCl 2 



(C2) 



15 



(Synthesis 3) 



[0864] Paracresol 34.15 g (316.0 mmol), Amberlyst 15E 2.50 g, and toluene 20 ml were charged in a sufficiently 
dried 200 ml reactor purged with argon, 30 ml of a toluene solution containing 4-cumylphenol 14.40 g (105.5 mmol) 
20 was added dropwise to the reactor at 80°C and then the resultant mixture was stirred for 1 7 hours. After cooling to a 
room temperature, the resultant mixture was filtered while being washed with hexane. The obtained liquid was purified 
by silica gel column chromatography to obtain 2-cumyl-4-methylphenol 10.52 g (44%). 
[0865] 1H-NMR(CDCI 3 ):1.75(S, 6H), 2.40(s, 3H), 7.10-7.30(m, 8H), 11.17(s t 1H). 

[0866] Ethylmagnesium bromide 21 .0 ml (an ether solution, 3.0N, 63.1 mmol) and THF 40 ml were charged in a 500 
25 ml reactor purged with nitrogen, 20 ml of a THF solution containing 2-cumyl-4-methylphenol 1 3.61 g (60.1 mmol) was 
added dropwise to the reactor at 0°C in 1 hour and after that, the temperature was gradually raised to a room temper- 
ature and the resultant mixture was stirred for 30 minutes at a room temperature, in which toluene 220 ml was added, 
and then heated to 100°C and about 50 ml of the mixed solvents of ether and THF were evaporated off to obtain a 
slightly opaque slurry. After the slurry was cooled to 24°C, p-formaldehyde 4.37 g (1 45.5 mmol) and triethylamine 12.0 
30 ml (86.0 mmol) were added and the resultant mixture was stirred at 90°C for 1 hour. After being cooled to a room 
temperature, the mixture was quenched with 42 ml of 18% hydrochloric acid and an organic layer was concentrated 
and the obtained liquid was purified by silica gel column chromatography to obtain 3-cumyl-5-methylsalicylaldehyde 
14.13 g (yield 92%). 

[0867] 1 H-NMR(CDCI 3 ):1,75(s, 6H), 2.40(s, 3H), 7.10-7.42(m, 7H), 8.55(s, 1H), 13.18(s, 1H). 
35 [0868] Ethanol 40 ml, n-hexylamine 1 .82 g (18.0 mmol), and 3-cumyl-5-methylsalicylaldehyde 3.81 g (15.0 mmol) 
were charged in a 100 ml reactor sufficiently purged with nitrogen and the resultant mixture was continuously stirred 
for 3 hours at a room temperature, The reaction liquid was vacuum concentrated to remove the solvents to obtain a 
liquid which was purified by a silica gel chromatography to give a compound of the following formula (L3) 3.97 g (yield 
78%). 



40 [0869] 1H.NMR(CDCI 3 ) : 0.85(t, 3H), 1.27(8, 6H), 1.52-1.70(m, 2H), 1.71(s, 6H), 2.34(s, 3H), 3.45(t, 2H), 6.92-7.35 
(7H), 8.22(s,1 H), 13.49(s, 1H). 
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[0870] The compound (L3) 1 .01 g (3.00 mmol) and ether 30 ml were charged in a sufficiently dried 50 mi reactor 
purged with argon and cooled to -78°C and stirred. To the resultant mixture, n-butyllithium 2.20 ml (an n-hexane solution, 

25 1 .57M, 3.45 mmol) was gradually added dropwise and after that, the resultant mixture was gradually heated to a room 
temperature and stirred for 4 hours at a room temperature to prepare a lithium salt solution. The solution was added 
dropwise to 30 ml of a THF solution which contained ZrCI 4 (THF) 2 complex 0.622 g (1 .65 mmol) and which was cooled 
to -78°C. On completion of dropwise addition, the resultant mixture was continuously stirred while being gradually 
heated to a room temperature. Further, the resultant mixture was stirred for 1 5 hours at a room temperature and then 

30 the solvents of the reaction liquid were evaporated. The obtained solid was mixed with ether 20 ml to give slurry and 
then being washed with ether 10 ml, the slurry was filtered. The filtered liquid was concentrated and washed again 
with hexane/ether to obtain a pale yellow color powder compound of the following formula (C3) 0.53 g (yield 42%). 
[0871] 1H-NMR(CDCI 3 ): 0.50-2.00(m, 34H), 2.25-2.45(m, 6H), 2.50-2.75(m, 4H), 6.90-7.55(m, 14H), 8.85(s, 2H). 



FD-mass spectrometry: 832 
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(Synthesis 4) 

[0872] Ethanol 30 ml, 2-methylcyctohexylamine 1 .72 g (1 5.1 9 mmol) and 3-tert-butyl-5-methoxysaiicylaldehyde 2.64 
g (12.68 mmol) were charged in a 1 00 ml reactor purged with nitrogen and the mixture was continuously stirred for 24 
$ hours at a room temperature. The precipitated solid was separated by filtration and washed with ethanol and vacuum 
dried to obtain a yellow powder compound of the formula (L4) 2.82 g (yield 73%). 

[0873] 1 H-NMR(CDCI 3 ):0.93-1 .86(m, 11H), 1.43(s, 9H), 3.42(d, 2H), 3.77(s, 3H), 6.60(d, 1H), 6.96(d, 1H), 8.25(s, 
1H), 13.71(bs, 1H). 

10 



15 



20 




25 



<L4) 

30 

[0874] The compound (L4) 0.91 g (3.00 ml) and ether 20 ml were charged in a 1 00 ml reactor which was sufficiently 
dried and purged with argon and the resultant mixture was cooled to -78°C and stirred. To the resultant mixture, n- 
butylllthium 2.10 ml (n-hexane solution, 1.60M 3.36 mmol) was gradually added dropwise and then the mixture was 
gradually heated to a room temperature and continuously stirred for 2 hours at a room temperature to obtain a lithium 

35 salt solution. The solution was added dropwise to 20 ml of a THF solution which contained ZrCI 4 (THF) 2 complex 0.67 
g (1 .51 mmol) and which was cooled to -78°C. On completion of dropwise addition, the resultant mixture was contin- 
uously stirred while being gradually heated to a room temperature. The resultant mixture was further stirred for 15 
hours at a room temperature and then the solvents of the reaction liquid were evaporated. The obtained solid was 
washed with ether 1 0 ml and methylene chloride 60 ml and then the filtered liquid is concentrated and re-washed with 

40 hexane/ether to obtain 0.54 g of yellow color powder compound of the following formula (C4) (yield 46%). 

[0875] 1H-NMR(CDCI 3 ): 0.53-1 .85(m, 22H), 1 ,55(s, 1 8H), 3.22-3.40(rn, 4H), 3.80(s, 6H), 6.64-6.67(m, 2H) t 7.1 0-7.26 
(m, 2H), 7.96(s, 2H). 

FD-mass spectrometry: 766 
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20 (Example 1) 

[0876] Heptane 500 ml was charged in a 1 liter autoclave made of stainless steel and sufficiently purged with nitrogen, 
heated to 50°C, and the liquid phase and the gas phase were saturated with ethylene. After that, methylaluminoxane 
1 .25 mmol In terms of aluminum atom and the compound (C1) 0.0002 mmol were added to carry out polymerization 

25 at 8 kg/cm 2 -G ethylene pressure for 15 minutes. 

[0877] The obtained polymer suspension was mixed with a large amount of mixed solvents of acetone and methanol 
In 1 : 1 ratio containing a small amount of hydrochloric acid to precipitate a polymer and filtered by a glass filter and 
after the solvents were removed, the polymer was washed with methanol. The polymer was vacuum dried at 80°C for 
1 0 hours to obtain ethylene polymer 28.8 g. The intrinsic viscosity of the obtained ethylene polymer was 0.28 dl/g. The 

30 physical properties of the obtained ethylene polymer are given in the table 1 . 

(Example 2) 

Preparation of a solid catalyst component: 

35 

[0878] Silica 8.5 kg dried at 200°C for 3 hours was suspended in toluene 33 liters and then a methylaluminoxane 
solution (A1 = 1 .42 mol/l) 82.7 liters was added dropwise to the suspension in 30 minutes. Next, the resultant mixture 
was heated to 1 1 5°C in 1 .5 hours and reaction was carried out at the temperature for 4 hours. After that, the reaction 
liquid was cooled to 60*C and the supernatant liquid was removed by decantation. The obtained solid catalyst com- 
40 ponent was washed with toluene three times and then suspended again in toluene to obtain a solid catalyst component 
(1) (the total volume 150 liters). 

[0879] The suspension 33 ml of the solid catalyst component (1) obtained thus was transferred to a flask made of 
glass and further toluene 42 ml and a toluene solution 25 ml containing the compound (C2) (0.002 mmol/ml) were 
added and the suspension was stirred for 2 hours at a room temperature. The resultant suspension was washed with 
45 hexane 50 ml two times and mixed with hexane to give a solid catalyst component (2) in 50 ml of suspension. 

Polymerization: 

[0880] Heptane 0.5 1 was charged In a 1 liter autoclave made of a stainless steel and sufficiently purged with nitrogen, 
so heated to 80°C, and the liquid phase and the gas phase were saturated with ethylene. After that, triisobutylaluminum 
0.5 mmol and the solid catalyst component (2) 0.0043 mmol in terms of Zr atom were added to carry out polymerization 
at 8 kg/cm 2 -G ethylene pressure for 40 minutes. 

[0881] The obtained polymer suspension was filtered by a glass filter, washed with hexane 500 ml two times and 
vacuum dried at 80*C for 10 hours. 126.7 g of ethylene polymer was obtained, and Its intrinsic viscosity was 0.59 dl/ 
55 g. The physical properties of the obtained ethylene polymer are given in the table 1 . 
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(Example 3) 

[0882] Polymerization was carried out in the same manner as described in the example 2 except that the compound 
(C3) was used instead of the compound (C2) and the addition amount was adjusted to be 0.00075 mmol and the 
5 polymerization was carried out for 1 hour. 146.1 g of ethylene polymer was obtained, and its intrinsic viscosity was 
0.39 dl/g. The physical properties of the obtained ethylene polymer are given In the table 1 . 

(Example 4) 

w [0883] Catalyst preparation and polymerization were carried out in the same manner as described in the example 2 
except that the compound (C4) was used instead of the compound (C2) and the addition amount was adjusted to be 
0.0015 mmol and the polymerization was carried out for 1 hour and the whole pressure was kept at 8 kg/cm^G by 
supplying a mixed gas of hydrogen and ethylene (hydrogen/ethylene pressure ratio = 0.382) to the system. 33.3 g of 
ethylene polymer was obtained, and Its intrinsic viscosity was 0.82 dl/g. The physical properties of the obtained ethylene 

15 polymer are given in the table 1 . 

(Examples 5 to 7) 

[0884] Ethylene polymers were obtained by the same manner as described in the example 4 except that the pressure 
20 of ethylene and hydrogen was altered. The physical properties of the ethylene polymers are given in the table 1 . 

(Example 8) 

[0885] Polymerization was carried out in the same manner as described in the example 2 except that the compound 
25 (C4) was used instead of the compound (C2) and the addition amount was adjusted to be 0.001 mmol and the polym- 
erization time was changed to 1 hour and 1 -hexene 40 ml was added to the system In which the whole pressure was 
kept at 8 kg/cm 2 -G by supplying a mixed gas of hydrogen and ethylene (hydrogen/ethylene pressure ratio = 0.429) to 
the system. 133.3 g of ethylene copolymer was obtained, and its intrinsic viscosity was 2.53 dl/g and the content of 
1 -hexene computed by IR was 0.8 mole%. The physical properties of the obtained ethylene copolymer are given in 
the table 1 . 

(Example 9) 

[0886] Ethylene copolymer was obtained by the same manner as described in the example 8 except that the pressure 
55 of ethylene and hydrogen was altered and the addition amount of 1 -hexene was altered. The physical properties of 
the ethylene copolymer are given in the table 1 . 

(Example 10) 

[0887] After hexane 800 ml was charged in a 2 liter autoclave made of a stainless steel and sufficiently purged with 
nitrogen and 1 -butene 200 ml was further added to the system, the system was heated to 80°C and the liquid phase 
and the gas phase were saturated with ethylene. After that, tributylaluminum 1 .0 mmol and a solid catalyst component 
(3) 0.001 mmol in terms of Zr atom which was produced by the same method as described in the solid catalyst com- 
ponent preparation of the example 2 except that the compound (C4) was used instead of the compound (C2) were 
45 added to carry out polymerization while the total pressure was kept at 10 kg/cm 2 -G by supplying a gas mixture of 
hydrogen and ethylene (hydrogen/ethylene pressure ratio = 0.0456) and polymerization was carried out for 1 hour at 
the pressure. 

[0888] The obtained polymer suspension was filtered by a glass filter and washed with hexane 500 ml two times and 
vacuum dried at 80°C for 10 hours. 130.1 g of ethylene copolymer was obtained, and its intrinsic viscosity was 2,20 
50 dl/g, and the content of 1-butene computed by IR was 1 .96 mole%. The physical properties of the obtained ethylene 
copolymer are given in the table 1 . 

(Examples 11 and 12) 

55 [0889] Ethylene copolymers were obtained by the same manner as described in the example 1 0 except that the 
pressure of ethylene and hydrogen was altered and the addition amount of 1 -butene was altered. The physical prop- 
erties of the obtained ethylene copolymers are given in the table 1 . 
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(Example 13) 

[0890] Hexane 50 liter/h, the same solid catalyst component as that used for example 4 In 0.2 mmol/h in terms of Zr 
atom, triethylalumlnum 20 mmol/h, ethylene 5 kg/h and hydrogen 40 N-liter/h were continuously supplied to a 200 liter 
complete stirred tank reactor and while the contents of the polymerization tank were continuously discharged as to 
keep the liquid level in the inside of the polymerization tank constant, polymerization was carried out in conditions of 
polymerization temperature 85°C, reaction pressure 8.5 kg/cm 2 -G, and the average staying duration 2.5 h. The contents 
continuously discharged out of the polymerization tank were dried by a solvent separation apparatus to obtain ethylene 
polymer. The physical properties of the obtained ethylene polymer are given in the table 1 . 

(Example 1 4) 

[0891] Ethylene polymer was obtained by the same manner as described in example 13 except that the hydrogen 
supply amount was altered as to obtain ethylene polymer having the intrinsic viscosity given in the table 1 . The physical 
properties of the obtained ethylene polymer are given in the table 1 . 

(Example 15) 

[0892] Ethylene copolymer was obtained by the same manner as described in example 13 except that 1 -butene 20 
kg/h was supplied and the hydrogen supply amount was altered as to obtain ethylene copolymer having the comonomer 
amount and the intrinsic viscosity given in the table 1 . The physical properties of the obtained ethylene copolymer are 
given in the table 1. 

(Comparative Examples 1 , 2) 

[0893] Ethylene polymer was obtained by the same man ner as described in example 4 except that a Ziegler catalyst 
described in Japanese Patent No. 821037 and a mixed gas of hydrogen and ethylene was adjusted as to keep MFR 
as given in the table 1 . The physical properties of the obtained ethylene polymer are given in the table 1 . 

(Comparative Example 3) 

[0894] The physical properties of linear low density polyethylene (trade name Evolue SP2040, made by Mitsui Chem- 
icals Inc.) produced using a metallocene catalyst are given in the table 1 . 

(Comparative Example 4) 

[0895] The physical properties of polyethylene (trade name Affinity HF 1030, made by Dow Chemical Co.) which is 
assumed the produced using a constrained geometric catalyst are given in the table 1 . 
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(Example 16) 

[0896] Ethylene polymer was produced using a polymerization apparatus comprising two perfect stirring and mixing 
type polymerization tanks of each 200 liter capacity and a flash drum connected in series. 

5 

Preparation of a solid catalyst component: 

[0897] Silica 8.5 kg dried at 200°C for 3 hours was suspended in toluene 33 liters and then a methylaluminoxane 
solution (A1 = 1 .42 mol/l) 82.7 liters was added dropwise to the suspension in 30 minutes. Next, the resultant mixture 
10 was heated to 115°C in 1 .5 hours and reaction was carried out at the temperature for 4 hours. After that, the reaction 
liquid was cooled to 60°C and the supernatant liquid was removed by decantation. The obtained solid catalyst com- 
ponent was washed with toluene three times and then suspended again in toluene to obtain a solid catalyst component 
(4) (the total volume 150 liters). 

[0898] The suspension 33 ml of the solid catalyst component (4) obtained thus was transferred to a 200 ml flask 
is made of glass and further toluene 42 ml and a toluene solution 25 ml containing the compound (C4) (0.002 mmol/ml) 
were added and the suspension was stirred for 2 hours at a room temperature. The resultant suspension was washed 
with hexane 50 ml two times and mixed with hexane to give a solid catalyst component (5) in 50 ml of suspension. 

Polymerization: 

20 

[0899] Hexane 50 liter/h, the same solid catalyst component (5) 0.2 mmol/h in terms of Zr atom, triethylaluminum 
20 mmol/h, ethylene 6 kg/h and hydrogen 110 N-llter/h were continuously supplied to a first polymerization tank and 
while the contents of the polymerization tank were continuously discharged as to keep the liquid level in the inside of 
the polymerization tank constant, polymerization was carried out in conditions of polymerization temperature 85°C, 
25 reaction pressure 8.5 kg/cm 2 -G, and the average staying duration 2.5 h. 

[0900] The contents continuously discharged out of the polymerization tank were treated by a flash drum kept at 0.2 
kg/m 2 -G and 65°C to substantially remove unreacted ethylene and hydrogen. 

[0901] After that, together with 20 llter/h and ethylene 5 kg/h, the resultant contents were continuously supplied to 
a second polymerization tank and successively polymerized in conditions of polymerization temperature 80°C, reaction 
30 pressure 7 kg/cm 2 -G, and the average staying duration 1 .5 h. 

[0902] The contents of the polymerization tank were also continuously discharged out of the second polymerization 
tank as to keep the liquid level in the inside of the polymerization tank constant and hexane and unreacted monomer 
were removed from the contents by a solvent separation apparatus and the resultant product was dried to obtain 
polymer. The analysis results and the physical properties of the obtained polymer are given in the table 2. 

35 

(Example 1 7) 

[0903] Polymerization was carried out by the same manner as described in example 1 6 except that butene 20 kg/h 
was supplied to the second polymerization tank. The analysis results and the physical properties of the obtained pol- 
40 ymer are given in the table 2. The polymerization was so controlled as to keep polymerization ratio at the first polym- 
erization tank : the second polymerization tank = 50 : 50 and the butene content = 1 .5 mol% in the ethylene copolymer 
produced In the second polymerization tank. The analysis results and the physical properties of the obtained polymer 
are given in the table 2. 

45 (Example 18) 

[0904] Paraxylene 700 ml, 7 g of mixed polymer samples of ethylene homopolymer (intrinsic viscosity: 0.72 dl/g; 
Mw/Mn: 3.69; density: 0.981 g/cm 3 ) produced by the similar method as that of example 4 and ethylene-1 -butene co- 
polymer (intrinsic viscosity: 5.22 dl/g; 1 -butene content: 1.7 mol%; Mw/Mn: 3.58) produced by the same method as 

so that of example 11 in 49 : 51 , and a heat resistant stabilizer (BHTmade by Yoshitomi Pharmaceutical, in 0.1% by weight 
to the polymer samples) were added to a double tubular separable flask which can be heated, the mixture was heated 
to 130*C at 2°C/mln, kept at 130°C for 1 hour to obtain a solution of polymer samples dissolved in paraxylene. The 
solution 3.5 liters was added dropwise in acetone in 1 hour to precipitate polymer and the precipitated polymer was 
obtained by filtration. The obtained polymer was washed again with acetone and vacuum dried for a whole day and 

55 night at 60°C. The analysis results and the physical properties of the obtained ethylene copolymer are given in the 
table 2. 
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(Comparative Example 5) 

[0905] Polyethylene was obtained by the same manner as described in example 1 6 except that a metallocene catalyst 
described on Japanese Patent Laid-Open No, 9-183816 was employed and the pressure of ethylene and hydrogen 
was altered as to obtain polymer given in the table 2. The physical properties of the polymer are given in the table 2. 

(Comparative Example 6) 

[0906] The physical properties of high density polyethylene (trade name: Hi-zex 1 700J, made by Mitsui Petrochemical 
tnd. Ltd.) produced using a Ziegler catalyst are given in the table 2. 

(Comparative Example 7) 

[0907] The physical properties of high density polyethylene (trade name: Hi-zex 7700M, made by Mitsui Petrochem- 
ical Ind. Ltd.) produced using a Ziegler catalyst are given in the table 2. 

(Tensile fatigue test) 

[0908] A tensile fatigue test was carried out for the ethylene copolymer obtained by example 1 8 and the high density 
polyethylene of Comparative Example 7. As the results, the ethylene copolymer obtained by example 1 8 was ruptured 
by 500,000 times repeat and the high density polyethylene of Comparative Example 7 was ruptured by 20,000 times 
repeat. 

[0909] The tensile fatigue test was carried out as follow. 

[0910] The ethylene copolymer obtained by example 18 and a stabilizer (Irganox 1010, Irgafos 168, and calcium 
stearate each in 0.1% by weight to the ethylene copolymer) were melted and kneaded at 190°C and 50 rpm by a 
Piastomill for 5 minutes and the obtained kneaded mixture was quickly formed into a sheet-like shape by a cold press 
at 20°C. The obtained sheet-like material was cut into a proper size and press molded at 190°C to obtain a specimen 
for the tensile fatigue test using a spacer (30 x 60 mm) of 6 mm 1 thickness. Using a spacer, a product pellet of the 
high density polyethylene of Comparative Example 7 was press molded to obtain a specimen for the tensile fatigue 
test by the same manner as described above. 

[0911] Specimens for the tensile fatigue test were cut into square pillars of 6 mm both in length and width (length 60 
mm) to be used as tensile fatigue test specimens. The measurement of the tensile fatigue test (80°C, 0.5 Hz) was 
carried out according to the method of J IS K 6774. 

[0912] The evaluation of the results was carried out by obtaining the times to result in rupture of 4 specimens in the 
conditions equivalent to actual stress about 10 MPa, carrying out logarithmic calculation of the times to result in the 
rupture, and calculating the times to result in rupture at 1 0 MPa actual stress by logarithmic approximation using the 
actual stress as antllogarithm. The higher the number of times is, the more excellent the fatigue property is. 
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(Synthesis 5) 



[0913] Ethanol 40 ml, aniline 0.71 g (7.62 mmol) and 3-tert-butylsalicylaldehyde 1 .35 g (7.58 mmol) were charged 
in a 100 ml reactor sufficiently purged with nitrogen and continuously stirred at a room temperature for 24 hours. The 
resultant reaction liquid was vacuum concentrated to remove solvents and again mixed with ethanol 40 ml and con- 
tinuously stirred at a room temperature for 12 hours. The reaction liquid was vacuum concentrated to obtain an orange 
color oil-state compound 1 .83 g (7.23 mmol, production yield 95%) of the following formula (L5). 



10 



15 



20 




tBu 



(L5) 



25 [0914] 1 H-NMR(CDCI 3 ):1 .47 (s, 9H), 6.88(dd, 1H), 7.24-7.31(m, 4H), 7.38-7.46(m, 3H), 8.64(s, 1H), 13.95(s, 1H). 
IR(neat): 1575, 1590, 1610 crrr 
FD mass spectrometry: 253 

[0915] The compound (L5) 1 .53 g (6.04 mmol) and tetrahydrofuran 60 ml were charged in a 200 ml reactor of suffi- 
ciently dried and purged with argon, cooled to -78°C, and stirred. To the resultant mixture, n-butylllthium 4.1 ml (1 .55 

30 mmol/ml n-hexane solution, 6.34 mmol) was added dropwise in 5 minutes and after that, the resultant mixture was 
gradually heated to a room temperature and continuously stirred for 4 hours at a room temperature. A mixed solution 
produced by adding tetrahydrofuran 10 ml to the resultant mixture was added dropwise to 30 ml of a tetrahydrofuran 
solution which contained ZrCI 4 0.70 g (purity 99,9% grade, 3.02 mmol) and which was cooled to-78°C. The resultant 
mixture was gradually heated to a room temperature. After being stirred at a room temperature for 2 hours, the resultant 

35 mixture was stirred for 4 hours in reflux condition. 

[0916] The obtained reaction liquid was vacuum concentrated and the precipitated solid was washed with methylene 
chloride 50 ml and insoluble matter was removed by a glass filter. The filtered liquid was vacuum concentrated and 
after the precipitated solid was dissolved in diethyl ether 30 ml, the obtained solution was kept still at -20°C for 1 day 
under nitrogen atmosphere to precipitate an yellow crystal. The solid is separated by filtration and washed with hexane 

to and then vacuum dried to obtain a phosphorescent yellow crystal compound 1 .09 g (1 .63 mmol, yield 54%) defined 
as the following formula (C5). 




(C5) 
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(Synthesis 6) 

[0917] 2-(1-Adamantyl)-4-methyl-phenol 6.19 g (25.28 rnmoi) and tetrahydrofuran 22 ml were charged in a 100 mi 
reactor sufficiently dried and purged with argon and ethylmagneslum bromide 28 ml (an ether solution, 0.99 N, 27.81 

s mmol) was added dropwise at 0°C in 1 5 minutes and the resultant mixture was gradually heated to a room temperature 
and stirred at a room temperature for 1 hour. The resultant reaction liquid was mixed with toluene 170 ml and heated 
to 100°C to give a slightly opaque slurry. The slurry was cooled to 50 P C and then mixed with paraformaldehyde 2.00 
g (66.7 mmol) and triethylamine 5.3 mi (3.79 mmol) and stirred at 82°C for 1 hour. After being cooled to a room tem- 
perature, the resultant reaction liquid was quenched with 1 0% hydrochloric acid and the organic layer was concentrated 

10 to obtain a solid which was vacuum dried to give an yellow color solid compound 5.78 g (yield 85%) of the following 
formula (p6). 

[0918] 1H-NMR(CDCI 3 ):11.6(8, 1H, OH), 9.8(s, 1H, CHO), 7.5-7.0(m, 2H, aryl), 2.3<s, 3H, Me), 2.2-1.8(6, 16H, ad- 
amantyl). 

15 



20 



25 




(p6) 

30 

[0919] The compound (p6) 4.84 g (1 7.9 mmol), ethanol 145 ml, and tetrahydrofuran 20 ml were charged in a 300 ml 
reactor sufficiently dried and purged with argon and an ethanol solution (1 0 ml) containing aniline 1 .67 g (1 7.9 mmol) 
was added dropwise to the resultant mixture at a room temperature. After being heated to 65°C and stirred for 7 hours, 
35 the resultant mixture was cooled to a room temperature. The resultant mixture was further cooled by acetone-dry ice 
and the precipitated solid was separated by filtration. The obtained solid was washed with cold methanol and then 
vacuum dried to obtain an orange color powder 4.00 g (yield 65%) of the following formula (L6). 
[0920] 1 H-NMR(CDCI 3 ):1 3.7(s, 1 H, OH), 8.6(8, 1 H, N=CH), 7.5-7. 0(m, 7H, aryl), 2.3(s, 3H, Me), 2.2, 2.1,1 .B(s, 16H, 
adamantyl). 

FD-mass spectrometry: 345 
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[0921] The compound (L6) 1 .00 g (2.90 mmol) and diethyl ether 20 ml were charged in a 1 00 ml reactor sufficiently 
dried and purged with argon, cooled to -78°C, and stirred. To the resultant mixture, n-butyllithium 1 .89 ml (a n-hexane 
solution, 1 .61 N, 3.04 mmol) was added dropwise in 10 minutes and after that, the resultant mixture was gradually 
heated to a room temperature and continuously stirred for 4 hours at a room temperature to produce a lithium salt 
solution. The solution was added dropwise to 20 ml of a diethyl ether solution which contained zirconium tetrachloride 
0.33 g (1 .42 mmol) and was cooled to -78°C. On completion of dropwise addition, the resultant mixture was continuously 
stirred while being gradually heated to a room temperature. The resultant mixture was stirred at a room temperature 
further for 1 5 hours and then the solvents of the reaction liquid were evaporated. Insoluble matter was removed from 
the obtained solid by filtration by a glass filter. The cake was dissolved in dichloromethane 40 ml to remove insoluble 
matter in the resultant solution and then the solution was vacuum concentrated. The obtained solid was again dissolved 
in a dichloromethane-hexane mixed solution and the precipitated solid was vacuum dried to obtain an yellow green 
powder compound 2 0.13 g (yield 11%) of the following formula (C6). 

[0922] 1 H-NNR(CDCI 3 ) : 8.1 (s, 2H, N=CH), 7.4-6.8 (m, 14H, aryl), 2.4-1. 6(m, 38H, Me and adamantyl). 
FD-mass spectrometry: 850 



[0923] 2-tert-Buty!-4-methoxyphenol 4.51 g (25 mmol) and tetrahydrofuran 22 ml were charged in a 100 ml reactor 
sufficiently dried and purged with argon and ethylmagnesium bromide 28 ml (an ether solution, 0.99 N, 27.81 mmol) 
was added dropwise at 0°C in 15 minutes and the resultant mixture was gradually heated to a room temperature and 




(C6) 



(Synthesis 7) 
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stirred at a room temperature for 1 hour. The resultant reaction liquid was mixed with toluene 170 ml and heated to 
100*0 to give a slightly opaque slurry. The slurry was cooled to 50°C and then mixed with paraformaldehyde 2.00 g 
(66.7 mmol) and triethylamine 5.3 ml (3.79 mmol) and stirred at 82°C for 1 hour. After being cooled to a room temper- 
ature, the resultant reaction liquid was quenched with 10% hydrochloric acid and the organic layer was concentrated 
5 to obtain a solid which was vacuum dried to give an yellow color solid compound 4.17 g (yield 80%) of the following 
formula (p7). 



15 




(p7) 

20 

[0924] The compound (p7) 3.75 g (18 mmol), ethanol 145 ml, and tetrahydrofuran 20 m! were charged in a 300 ml 
reactor sufficiently dried and purged with argon and an ethanol solution (1 0 ml) containing aniline 1 .67.g (1 7.9 mmol) 
was added dropwise to the resultant mixture at a room temperature. After being heated to 65°C and stirred for 7 hours, 
25 the resultant mixture was cooled to a room temperature. The resultant mixture was further cooled by acetone-dry ice 
and the precipitated solid was separated by filtration. The obtained solid was washed with cold methanol and then 
vacuum dried to obtain an orange color powder 4.08 g (yield 80%) of the following formula (L7). 
[0925] 1 H-NMR(CDCI 3 ):14.0(s, 1H, OH), 3.70(s, 3H), 6.60-7.50(m, 7H), 8.5(s, 1H), 13.60(s, 1H). 

30 

Ph 
I 



35 



40 




(L7) 

45 

[0926] The compound (L7) 0.64 g (2.26 mmol) and diethyl ether 20 ml were charged in a 1 00 ml reactor sufficiently 
dried and purged with argon, cooled to -78°C, and stirred. To the resultant mixture, n-butylllthium 1 .40 ml (a n-hexane 
solution, 1 .61 M, 2.26 mmoi) was added dropwise in 5 minutes and after that, the resultant mixture was gradually 
heated to a room temperature and continuously stirred for 4 hours at a room temperature to produce a lithium salt 

so solution. The solution was added dropwise to 20 ml of a THF solution which contained 2rCI 4 (THF) 2 complex 0.42 g 
(1.10 mmol) and which was cooled to -78°C. On completion of dropwise addition, the resultant mixture was continuously 
stirred while being gradually heated to a room temperature. The resultant mixture was stirred at a room temperature 
further for 15 hours and then the solvents of the reaction liquid were removed. The obtained solid was dissolved in 
methylene chloride 50 ml and insoluble matter was removed by filtration by a glass filter. The filtered solution was 

55 vacuum concentrated and the obtained solid was again precipitated in a dichloromethane-hexane mixture and vacuum 
dried to obtain an yellow green powder compound 0.25 g (0.34 mmol, yield 31%) of the following formula (C7). 
[0927] 1 H-NMR(CDCI 3 ):1 .20-1.60(m, 18H), 3.66-3.86(m, 6H), 6.50-7.50(m, 14H), 805-8.20(m, 2H). 
FD-mass spectrometry: 726(M+) 
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elementary analysis: Zr; 12.4% (12.6) 




(C7) 

(Example 19) 

20 

[0928] Heptane 500 ml was charged In a 1 liter autoclave made of a stainless steel and sufficiently purged with 
nitrogen, heated to 75°C, and the liquid phase and the gas phase were saturated with ethylene. After that, methylalu- 
minoxane 1 .25 mmol in terms of aluminum atom and 0.0001 mmol of the compound (C5) synthesized by synthesis 5 
were added to carry out polymerization at 8 kg/crr^-G ethylene pressure for 15 minutes. 

25 [0929] The obtained polymer suspension was mixed with methanol 1 .5 liter containing a small amount of hydrochloric 
acid to precipitate a polymer and filtered by a giass filter and after the solvents were removed, the polymer was washed 
with methanol and vacuum dried at 80°C for 10 hours to obtain ethylene polymer 7.08 g. The same procedure was 
repeated 7 times and the obtained ethylene polymers were melted and kneaded to give a specimen. The polymers 
obtained by the respective procedure repeated 7 times were confirmed to be approximately similar to one another by 

30 separately measuring their intrinsic viscosity before they were melted and kneaded. The physical measurement results 
are given in the table 3. 

(Example 20) 

55 [0930] Ethylene polymer 8.00 g was obtained by the same manner as described in example 19 except that the 
compound (C7) synthesized by synthesis 7 was used instead of the compound (C5) and the polymerization temperature 
was altered to 50°C. The same procedure was repeated 6 times and the obtained ethylene polymers were melted and 
kneaded to give a specimen. The polymers obtained by the respective procedure repeated 6 times were confirmed to 
be approximately similar to one another by separately measuring their intrinsic viscosity before they were meited and 

40 kneaded. The physical measurement results are given in the table 3. 

(Example 21) 

[0931] Ethylene polymer 12.25 g was obtained by the same manner as described in example 19 except that the 
45 compound (C6) synthesized by synthesis 6 was used instead of the compound (C5) and the addition amount of com- 
pound (C6) was altered to be 0.00005 mmol and the polymerization temperature was altered to 50°C. The same 
procedure was repeated 4 times and the obtained ethylene polymers were melted and kneaded to give a specimen. 
The polymers obtained by the respective procedure repeated 4 times were confirmed to be approximately similar to 
one another by separately measuring their intrinsic viscosity before they were metted and kneaded. The physical meas- 
so urement results are given In the table 3. 

(Example 22) 

[0932] Heptane 400 ml and 1-butene 100 ml were charged in a 1 liter autoclave made of a stainless steel purged 
55 with nitrogen and then pressurized by ethylene at 8 kg/cm 2 «G total pressure. After that the polymerizer was heated to 
75°C and to the polymerizer, methylalumlnoxane 1 .25 mmol In terms of aluminum atom and 0.0001 mmol of the com- 
pound (C5) synthesized by synthesis 5 were added to carry out polymerization for 15 minutes. 
[0933] After polymerization was stopped by a small amount of isobutyl alcohol, the obtained polymer suspension 
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was mixed with methanol 1 .5 liter containing a small amount of hydrochloric acid to precipitate a polymer. The precip- 
itated polymer was separated by filtration by a glass filter and after the solvents were removed, the polymerwas washed 
with methanol and vacuum dried at 80°C for 10 hours. The obtained ethylene polymer was 5.68 g and the intrinsic 
viscosity was 2.05 dl/g. The content of 1 -butene measured by IR was 2.20 mol% and the molecular weight distribution 
5 (Mw/Mn) measured by GPC was 15.36. The physical measurement results are given In the table 3. 

(Example 23) 

[0934] Polymerization was carried out by the same manner as described in example 22 except that the compound 
10 (C6) synthesized by synthesis 6 was used instead of the compound (C5). As a result, ethylene copolymer 6.40 g was 
obtained and the intrinsic viscosity was 4.86 dl/g. The content of 1 -butene measured by IR was 2.01 mol% and the 
molecular weight distribution (Mw/Mn) measured by GPC was 57.22. The physical measurement results are given in 
the table 3. 

15 (Example 24) 

[0935] Polymerization was carried out by the same manner as described in example 22 except that the compound 
(C7) synthesized by synthesis 7 was used instead of the compound (C5) and the amounts of heptane and 1 -butene 
were altered to 420 ml and 80 ml, respectively, and the polymerization temperature was altered to 50°C. As a result, 
20 ethylene copolymer 16.10 g was obtained and the intrinsic viscosity was 2.52 dl/g. The content of 1 -butene measured 
by IR was 2.16 mol% and the molecular weight distribution (Mw/Mn) measured by GPC was 10.50. The physical 
measurement results are given in the table 3. 

(Comparative Example 8) 

25 

[0936] Physical measurement was carried out for a high density polyethylene (trade name: Hi-zex 8200B, made by 
Mitsui Petrochemical Ind. Ltd.). The results are given in the tables 3 to 5. 

(Comparative Example 9) 

30 

[0937] Physical measurement was carried out for a high density polyethylene (trade name: Hi-zex 7700M, made by 
Mitsui Petrochemical Ind. Ltd.). The results are given In the tables 3 to 5. 

(Comparative Example 1 0) 

35 

[0938] Physical measurement was carried out for a high density polyethylene (trade name: Hl-zex 5000H, made by 
Mitsui Petrochemical Ind. Ltd.). The results are given in the tables 3 to 5. 

(Comparative Example 1 1 ) 

40 

[0939] Physical measurement was carried out for a high density polyethylene (trade name: Hi-zex 7000F, made by 
Mitsui Petrochemical Ind. Ltd.). The results are given in the tables 3 to 5. 
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(Example 25) 

55 [0940] Heptane 500 ml was charged in a 1 liter autoclave made of a stainless steel and sufficiently purged with 
nitrogen, heated to 50*C, and the liquid phase and the gas phase were saturated with ethylene. After that, methylalu- 
minoxane 1 .25 mmol in terms of aluminum atom and 0.0001 mmol of the compound (C7) synthesized by synthesis 7 
were added to carry out polymerization at 8 kg/cnr^-G ethylene pressure for 15 minutes. 
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[0941 ] The obtained polymer suspension was mixed with methanol 1 .5 liter containing a small amount of hydrochloric 
acid to precipitate a polymer and filtered by a glass filter and after the solvents were removed, the polymer was washed 
with methanol and vacuum dried at 80°C for 10 hours to obtain ethylene polymer 8.00 g. The same procedure was 
repeated 6 times and the obtained ethylene polymers were melted and kneaded to give a specimen. The polymers 
s obtained by the respective procedure repeated 6 times were confirmed to be approximately similar to one another by 
separately measuring their intrinsic viscosity before they were melted and kneaded. The physical measurement results 
are given in the table 4. 

(Example 26) 

w 

[0942] Heptane 400 ml and 1-butene 100 ml were charged In a 1 liter autoclave made of a stainless steel and suf- 
ficiently purged with nitrogen and then pressurized by ethylene at 8 kg/cm 2 -G total pressure. After that the polymerizer 
was heated to 75°C and to the polymerizer, methylaluminoxane 1 .25 mmol in terms of aluminum atom and 0.0001 
mmol of the compound (C7) synthesized by synthesis 7 were added to carry out polymerization for 15 minutes. 

15 [0943] After polymerization was stopped by a small amount of isobutyl alcohol, the obtained polymer suspension 
was mixed with methanol 1 .5 liter containing a small amourtt of hydrochloric acid to precipitate a polymer. The precip- 
itated polymer was separated by filtration by a glass filter and after the solvents were removed, the polymer was washed 
with methanol and vacuum dried at 80°C for 1 0 hours. The obtained polymer was 6.40 g and the intrinsic viscosity was 
4.86 dl/g. The content of 1-butene measured by IR was 2.01 mol% and the molecular weight distribution (Mw/Mn) 

20 measured by GPC was 57.22. The physical measurement results are given in the table 4. 
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(Example 27) 

[0944] Heptane 500 ml was charged in a 1 liter autoclave made of a stainless steel and sufficiently purged with 
nitrogen, heated to 50*0, and the liquid phase and the gas phase were saturated with ethylene. After that, methylalu- 
s minoxane 1 .25 mmol in terms of aluminum atom and 0.0005 mmoi of the compound (C6) synthesized by synthesis 6 
were added to carry out polymerization at 8 kg/crr^-G ethylene pressure for 15 minutes. 

[0945] The obtained polymer suspension was mixed with methanol 1 .5 liter containing a small amount of hydrochloric 
acid to precipitate a polymer and filtered by a glass filter and after the solvents were removed, the polymer was washed 
with methanol and vacuum dried at 80°C for 10 hours to obtain ethylenic polymer 12.25 g. The same procedure was 
10 repeated 6 times and the obtained ethylenic polymers were melted and kneaded to give a specimen. The polymers 
obtained by the respective procedure repeated 6 times were confirmed to be approximately similar to one another by 
separately measuring their intrinsic viscosity before they were melted and kneaded. The physical measurement results 
are given in the table 5. 

is (Example 28) 

[0946] Heptane 420 ml and 1 -butene 80 ml were charged in a 1 liter autoclave made of a stainless steel and sufficiently 
purged with nitrogen and then pressurized by ethylene at 8 kg/cm 2 -G total pressure. After that the polymerizer was 
heated to 50°C and to the polymerizer, methylaluminoxane 1 .25 mmol in terms of aluminum atom and the compound 

20 (C6) synthesized by synthesis 6 0.0001 mmol were added to carry out polymerization for 15 minutes. 

[0947] After polymerization was stopped by a small amount of isobutyl alcohol, the obtained polymer suspension 
was mixed with methanol 1 .5 liter containing a small amount of hydrochloric acid to precipitate a polymer. The precip- 
itated polymer was separated by filtration by a glass filter and after the solvents were removed, the polymer was washed 
with methanol and vacuum dried at 80°C for 10 hours. The obtained polymer was 16.10 g and the intrinsic viscosity 

25 was 2.52 dl/g. The content of 1 -butene measured by IR was 2.16 mol% and the molecular weight distribution (Mw/Mn) 
measured by GPC was 10.50. The physical measurement results are given in the table 5. 
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Claims 

1. An ethylene (co)polymer (A1 ) being either an ethylene homopolymer or a copolymer of ethylene and an a-olefin 
of 4 to 20 carbon atoms wherein 

5 

(i A1 ) the ethylene (co)polymer contains methyl branches less than 0.1 in number per 1,000 carbon atoms 
measured by 13 C-NMR, and 

(ii A1 ) the ethylene (co)polymer has Mw/Mn (Mw denotes the weight average molecular weight; Mn denotes 
the number average molecular weight) measured by gel permeation chromatography not lower than 1 .8 and 
10 lower than 4.5. 

2. The ethylene (co)polymer (A1 ) according to claim 1 , wherein 

(iii A1 ) the intrinsic viscosity measured at 135°C in decalin is within a range of 0.2 to 18 dl/g. 

15 3. The ethylene (co)polymer (A1) according to claim 1 or 2, wherein 

(iv A1 ) the intrinsic viscosity (dl/g)) and the density {d (g/cm 3 )) satisfy the following relation; 

d 50.0003 x [ti]2 - 0.0121 x [t\] + 0.9874; in the case the intrinsic viscosity measured at 135°C in decalin is 

0.3 to 1.5 dl/g. 

20 

4. The ethylene (co)polymer (A1 ) according to any one of the claims 1 to 3, wherein 

(v A1 ) the intrinsic viscosity {[t\] (dl/g)) measured at 135°C in decalin and the meltflow rate (MFR (g/1 0 minutes)) 
measured under 2.16 kg load at 190°C satisfy the following relations; 
25 [^j > 1 .85 x MFR' 0 192 in the case of MFR < 1 and 

[t\] > 1 .85 x MFR" 0 - 213 in the case of MFR S 1 . 

5. The ethylene (co)polymer (A1 ) according to any one of the claims 1 to 4, wherein 

(vi A1 ) the components eluded at 105°C or higher in a heating elution separation test are not more than 5% 
30 by weight or lower in the case the comonomer content is 1 .5 mole% or higher and the components eluted at 1 06°C 

or higher in a heating elution separation test are not more than 8% by weight or lower in the case the comonomer 
content is less than 1 .5 mole%. 

6. The ethylene (co)poiymer (A1) according to any one of the claims 1 to 5, wherein 

35 (vii A1 ) the components are precipitated in 15% by weight or lower in the case said ethylene (co)polymer is 

dissolved In p-xylene at 130°C and then cooled to 75°C to precipitate dissolved components in a poor solvent, 

7. The ethylene (co)polymer (A1) according to any one of the claims 1 to 6, wherein 

40 (viii A1 ) the decane-soluble components (W (% by weight)) at 23°C and the density (d (g/cm 3 )) satisfy the 

following relations; 

W < 80 x exp(-100 x (d - 0.88)) + 0.1 in the case MFR £ 1 0 g/1 0 minutes and 

W < 80 x (MFR - 9)°- 26 X exp(«100 x (d - 0.88)) + 0.1 in the case MFR > 10 g/10 minutes. 

45 8. The ethylene (co)polymer (A1) according to any one of the claims 1 to 7, wherein 

(ix A1 ) the a-olefin content (K (mole%)) and the melting point (Tm (°C)) of the highest peak of an endothermic 
curve measured by a differential scanning calorimeter satisfy the following relations; 
Tm < 135.0 - 10.0K in the case K = 0.1 to 1 .5 mole%; 
50 Tm £ 1 21 .9 - 1 .3K in the case K = 1 .5 to 5.5 mole%; and 

Tm £ 139.7 - 4.5K in the case K = 5.5 to 20 mole%. 

9. The ethylene (co)polymer (A1) according to any one of the claims 1 to 8, wherein 

(x A1 ) the number of branches having a length equivalent to that of hexyl or longer measured by 13 C-NMR is 
55 less than 0.1 per 1 ,000 of carbon atoms. 

10. The ethylene (co)polymer (A1) according to any one of the claims 1 to 9, wherein the ethylene (co)polymer is a 
copolymer of ethylene and 1 -butene. 
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11. The ethylene (co)polymer (A1) according to any one of the claims 1 to 9, wherein the ethylene (co)polymer is a 
copolymer of ethylene and 1-hexene. 

12. The ethylene (co)polymer (A1 ) according to any one of the claims 1 to 11 , produced by either homopoiymerization 
5 of ethylene or copolymerizatlon of ethylene and an a-olefln of 4 to 20 carbon atoms in the presence of an olefin 

polymerization catalyst comprising 

(a1) a transition metal compound of the following general formula (I) 

10 



15 



20 



25 




(where, M denotes a transition metal atom selected from the group IV and the group V of the periodic 

table; 

30 m denotes 1 or 2; 

R 1 denotes an aliphatic hydrocarbon group of 5 or more carbon atoms in total which may have aromatic 
hydrocarbon group or alicyciic hydrocarbon group substituents or alicyclic hydrocarbon group of 7 or more 
carbon atoms in total which may have aromatic hydrocarbon group or aliphatic hydrocarbon group substituents; 
R 2 to R 5 may be the same or different to one another and each denotes hydrogen atom, a hydrocarbon group, 

35 hydrocarbon group-substituted sllyl, an oxygen-containing group, a nitrogen-containing group, or a sulfur- 

containing group and two or more of them may be bonded to one another to form a ring; 
R 6 denotes a hydrocarbon group or a hydrocarbon-substituted sityl group; 

in the case m is 2, at least one of the groups denoted as R 2 to R 6 belonging to any one of the ligands may be 
bonded to at least one of the groups denoted as R 2 to R 6 belonging to another iigand; 
*o jn the case m is 2, respective R 1 , respective R 2 respective R 3 , respective R 4 , respective R 5 t and respective 

R6 may be the same or different to one another; 
n denotes a number satisfying the valence of M; 

X denotes hydrogen atom, a halogen atom, a hydrocarbon group, an oxygen-containing group, a sulfur-con- 
taining group, a nitrogen-containing group, a boron-containing group, an aluminum-containing group, a phos- 
45 phorus-containing group, a halogen-containing group, a heterocyclic compound residue group, a silicon-con- 

taining group, a germanium-containing group, or a tin-containing group; in the case n is 2 or higher, X's may 
be the same or different to one another and X's may be bonded to one another to form a ring 
and, if necessary, 

(b) at least one compound selected from 
50 (b-1 ) an organometallic compound, 

(b-2) an organoaluminum oxy compound, and 

(b-3) a compound capable of forming ion pairs by reaction on the transition metal compound. 

13. An ethylene (co)polymer (A2) being either an ethylene homopolymer or a copolymer of ethylene and an a-olefin 
55 of 4 to 20 carbon atoms, wherein 

Ua2) the ethylene (co)polymer contains methyl branches less than 0.1 in number per 1,000 carbon atoms 
measured by 13 C-NMR, and 
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(ii^) the ethylene (co)polymer has Mw/Mn (Mw denotes the weight average molecular weight; Mn denotes 
the number average molecular weight) measured by gel permeation chromatography not lower than 4.5 and 
not higher than 60. 

5 14. The ethylene (co)polymer (A2) according to claim 13, wherein 

(iii^) the intrinsic viscosity measured at 135°C in decalin is within a range of 0.2 to 18 dl/g. 

15. The ethylene (co)polymer (A2) according to claims 13 or 14, wherein 

10 (jy^) the intrinsic viscosity ([y\] (di/g)) measured in at 135°C decalin andthe melt flow rate (MFR (g/1 0 minutes)) 

measured under 2.16 kg load at 190°C satisfy the following relations; 
fa] > 1 .85 x MFR-0-192 ^ the case of MFR < 1 and 
[t\] > 1 .85 x MFR-0-213 in the case of MFR > 1 . 

15 16. The ethylene (co)polymer (A2) according to any one of the claims 13 to 15, wherein 

(va2> tne components having a molecular weight of 500,000 reduced to polyethylene measured by GPC-IR 
are not more than 5% by weight in the components eluted at 105°C or higher in a heating elution separation test. 

17. The ethylene (co)polymer (A2) according to any one of the claims 13 to 16, wherein 
20 (vi^) the components eluted at 105°C or higher in a heating elution separation test are not more than 5% 

by weight in the case the comonomer content is 1.5 mole% or higher and the components eluted at 106°C or 
higher in a heating elution separation test are not more than 8% by weight in the case the comonomer content is 
less than 1 .5 mole%. 

25 18. The ethylene (co)polymer (A2) according to any one of the claims 13 to 17, wherein 

(vNa2) the components having a molecular weight of 10,000 or more reduced to polyethylene measured by 
GPC-IR among components obtained by dissolution of the ethylene (co)poiymer in p-xylene at 130°C and suc- 
cessive precipitation of the dissolved components by cooling to 75°C in a poor solvent are not more than 30% by 
weight in the precipitated components. 

30 

19. The ethylene (co)polymer (A2) according to any one of the claims 13 to 18, wherein 

(viii A2 ) the components obtained by dissolution of the ethylene (co)polymer in p-xylene at 130°C and suc- 
cessive precipitation of the dissolved components by cooling to 75°C in a poor solvent are not more than 15% in 
whole ethylene (co)polymer. 

35 

20. The ethylene (co)polymer (A2) according to any one of the claims 13 to 19, wherein 

(i*A2) the components having a molecular weight of 10,000 or more reduced to polyethylene measured by 
GPC-IR among components precipitated by dissolution of the ethylene (co)polymer In p-xylene at 130°C and 
successive precipitation of the dissolved components by cooling to 75°C in a poor solvent are not more than 5% 
40 in whole ethylene (co)polymer. 

21 . The ethylene (co)polymer (A2) according to any one of the claims 13 to 20, wherein 

(x^) the decane-soluble components (W (% by weight)) at 23°C and the density (d (g/cm 3 )) satisfy the following 
45 relations; 

W < 80 x exp(-100 x (d - 0.88)) + 0.1 in the case MFR < 10 g/10 minutes and 

W < 80 x (MFR - 9)°-26x exp(-100 x (d - 0.88)) + 0.1 in the case MFR > 10 g/10 minutes. 

22. The ethylene (co)polymer (A2) according to any one of the claims 13 to 21 , wherein 

so (xl^) the number of branches having a length equivalent to that of hexyl or longer measured by 13 ONMR 

is less than 0.1 per 1,000 of carbon atoms. 

23. The ethylene (co)polymer (A2) according to anyone of the claims 13 to 22, wherein 

(xii^) the ratio Mw/Mn of the weight average molecular weight (Mw) and the number average molecular 
55 weight (Mn) calculated from the logarithmic normal distribution produced by distributing molecular weight distribu- 

tion curves measure by gel permeation chromatography to two same logarithmic normal distribution curves is 
within a range of 3 to 8. 
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24. The ethylene (co)polymer (A2) according to any one of the claims 13 to 23, wherein 

(xiii^) components to be eluted at 109°C or higher in a heating elution separation test exist and the intrinsic 
viscosity ([t|] (dl/g)) thereof measured at 135°C in decalin and the density (d (g/cm 3 )) of said components 
5 satisfy the following relation; 

d £0.0003 x ft]2 - 0.0121 x [r\] + 0.9874. 

25. The ethylene (co)polymer (A2) according to any one of the claims 13 to 24 wherein the ethylene (co)polymer is a 
copolymer of ethylene and 1 -butene. 

10 

26. The ethylene (co)polymer (A2) according to any one of the claims 13 to 24 wherein the ethylene (co)polymer is a 
copolymer of ethylene and 1-hexene. 

27. The ethylene (co)polymer (A2) according to any one of the claims 1 3 to 26, comprising 

(A2-1 ) either ethylene homopolymer ora copolymer of ethylene and an a-olefin of 4 to 20 carbon atoms, having 
(>A2-i) thG intrinsic viscosity ([t\] A2 -i) measured at 135°C in decalin is within a range of 0.3 to 2.5 dl/g, 
(»'a2-i) the number of methyl branches measured by 13 C-NMR is less than 0.1 per 1 ,000 of carbon atoms, and 
(»Um) Mw/Mn (Mw denotes the weight average molecular weight; Mn denotes the number average molecular 
weight) measured by gel permeation chromatography within a range of 3 to 8, and 

(A2-2) either ethylene homopolymer ora copolymer of ethylene and an a-olefin of 4 to 20 carbon atoms , having 
(i A2 . 2 ) the intrinsic viscosity (ft] A2 . 2 ) measured at 135°C in decalin within a range of 2.0 to 20 dl/g, and 
(«'A2-2) tne nu mber of methyl branches measured by 13 C-NMR less than 0.1 per 1 ,000 of carbon atoms; 

25 wherein a relation between the intrinsic viscosity (ft]A2-i) of said ethylene (co)polymer (A2-1 ) and the intrinsic 

viscosity ([1^.2) o f said ethylene (co)polymer (A2-2) satisfy < Ww', a nd the ethylene (co)poiymer contains 
10 to 90 parts by weight of said ethylene (co)polymer (A2-1) and 10 to 90 parts by weight of said ethylene (co) 
polymer (A2-2), where (A2-1) + (A2-2) = 100 parts by weight. 

30 28. The ethylene (co)polymer (A2) according to claim 27, wherein said ethylene (co)polymer (A2-1) satisfies the fol- 
lowing relation between the intrinsic viscosity ([T|] (dl/g)) and the density (d (g/cm 3 )); 

d £0.0003 x fa] 2 - 0.0121 x [t\] + 0.9874; in the case the intrinsic viscosity measured at 135°C in decalin is 
0.3 to 1.5 dl/g. 

35 29. An ethylene (co)polymer (A3) being either an ethylene homopolymer or a copolymer of ethylene and an a-olefin 
of 3 to 20 carbon atoms, wherein 

(i A3 ) the melt tension (MT (g)) at 1 90°C and the swell ratio (SR) calculated from the strand diameter extruded 
at 190°C satisfy the relation; 
log(MT) > 12.9 - 7.15 x SR; and 

(ii^) the intrinsic viscosity (fa] (dl/g)) measured at 1 35°C in decalin and the melt flow rate (M FR (g/1 0 minutes)) 
measured under 2.1 6 kg load at 1 90°C satisfy the relations; 

> 1 .85 x MFR" 0 - 192 in the case of MFR < 1 and 
[\\] > 1 .85 x MFR" 0 213 in the case of MFR £ 1 . 

30. The ethylene (co)polymer (A3) according to claim 29, wherein 

(iii A3 ) the weight average molecular weight (Mw) measured by gel permeation chromatography and the swell 
ratio (SR) calculated from the strand diameter extruded at 190°C satisfy the relation; 
50 SR > 4.55 - 0.56 X log(Mw). 

31 . The ethylene (co)polymer (A3) according to claims 29 or 30, wherein 

(iv A3 ) the number average molecular weight (Mn), the weight average molecular weight (Mw), and the Z av- 
55 erage molecular weight (Mz) measured by gel permeation chromatography satisfy the relations; 

Mz/Mw £ 7/(1 - 5.5/(Mw/Mn)), and 
Mw/Mn >5.5. 
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32. The ethylene (co)polymer (A3) according to any one of the claims 29 to 31 , wherein 

( V A3) tne nurnber of the vinyl groups at the molecular terminals calculated by conversion to that per one 
molecular chain having the same molecular weight as the number average molecular weight is not lower than 0.50. 

5 33. The ethylene (co)polymer (A3) according to any one of the claims 29 to 32, wherein the ethylene (co)polymer is 
an ethylene homopolymer or a copolymer of ethylene and an a-olefin of 4 to 20 carbon atoms and has methyl 
branches measured by 13 C-NMR less than 0.1 in number per 1 ,000 of carbon atoms. 

34. An ethylene (co)polymer (A4) being an ethylene homopolymer or a copolymer of ethylene and an a-olefin of 3 to 
10 20 carbon atoms, wherein 

(i A4 ) the number average molecular weight (Mn), the weight average molecular weight (Mw), and the Z average 
molecular weight (Mz) measured by gel permeation chromatography satisfy the relation; 
Mz/Mw £ 4/(0.5 - 4.50/(Mw/Mn) - 0.2), and 
15 Mw/Mn > 9.2. 

35. The ethylene (co)polymer (A4) according to claim 34, wherein 

(iii A4 ) the melt tension (MT (g)) at 1 90°C and the swell ratio (SR) calculated from the strand diameter extruded 
20 at 1 90°C satisfy the relation; 

log(MT) > 12.9 - 7.15 x SR; and 

(iv A4 ) the intrinsic viscosity (fa] (dl/g)) measured at 135°C in decalin and the melt flow rate (MFR (g/1 0 minutes)) 
measured under 2.16 kg load at 190°C satisfy the relations; 
fa] > 1 .85 x MFR -0 - 192 in the case of MFR < 1 , and 
25 fa] > 1 .85 x MFR' 0 - 213 in the case of MFR £ 1 . 

36. The ethylene (co)polymer (A4) according to claim 34, wherein 

(ii^) the weight average molecular weight (Mw) measured by gel permeation chromatography and the swell 
30 ratio (SR) calculated from the strand diameter extruded at 190*0 satisfy the relation; 

SR > 4.55 - 0.56 x log(Mw); 

(iii A4 ) the melt tension (MT (g)) at 1 90°C and the swell ratio (SR) calculated from the strand diameter extruded 
at 190°C satisfy the relation; 
log(MT) > 12.9 - 7.15 x SR; and 
55 (^/m) tne intrinsic viscosity (fa] (dl/g)) measured at 135°C in decalin and the melt flow rate (MFR (g/1 0 minutes)) 

measured under 2.16 kg load at 1 90°C satisfy the relations; 
fa] > 1 .85 x MFR" 0 - 192 in the case of MFR < 1 , and 
fa] > 1 .85 x MFR* 0 213 in the case of MFR 2> 1 . 

40 37. The ethylene (co)polymer (A4) according to any one of the claims 33 to 36, wherein 

(v A4 ) the number of the vinyl groups at the molecular terminals calculated by conversion to that per one 
molecular chain having the same molecular weight as the number average molecular weight is not lower than 0.50. 

38. The ethylene (co)polymer (A4) according to any one of the claims 34 to 37, wherein the ethylene (co)polymer is 
45 either an ethylene homopolymer or a (co)polymer of ethylene and an a-olefin of 4 to 20 carbon atoms and has 

methyl branches measured by 13 C-NMR less than 0.1 in number per 1 ,000 of carbon atoms. 

39. An ethylene (co)polymer (A5) being either an ethylene homopolymer or a copolymer of ethylene and an a-olefin 
of 3 to 20 carbon atoms, wherein 

so 

(•as) there are at least 2 maximum values and at least 1 minimum value in the molecular weight distribution 
curve measured by gel permeation chromatography and the intensity (W.,) of the minimum value and the lower 
intensity (W 2 ) of the maximum values having the minimum value between them satisfy; 
W 2 < 0.85. 

55 

40. The ethylene (co)polymer (A5) according to claim 39, wherein 

(iii A5 ) the melt tension (MT (g)) at 1 90°C and the swell ratio (SR) calculated from the strand diameter extruded 
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at 190°C satisfy the retation; 
log(MT) > 12.9 - 7.15 x SR; and 

(vi A5 ) the intrinsic viscosity (fo] (dl/g)) measured at 135°C in decalin and the melt flow rate (MFR (g/1 0 minutes)) 
measured under 2.16 kg load at 1 90°C satisfy the relations; 
5 > 1 .85 x MFR* 0 - 192 In the case of MFR < 1 , and 

[t|] > 1 .85 x MFR -0 - 213 In the case of MFR > 1 . 

41. The ethylene (co)polymer (A5) according to claim 39, wherein 

io (Wpg) the weight average molecular weight (Mw) measured by gel permeation chromatography and the swell 

ratio (SR) calculated from the strand diameter extruded at 190°C satisfy the relation; 
SR > 4.55 - 0.56 x log(Mw); 

(iii A5 ) the melt tension (MT (g)) at 1 90°C and the swell ratio (SR) calculated from the strand diameter extruded 
at 190°C satisfy the following relation; 
15 log(MT) > 12.9 - 7.15 x SR; and 

(vi A5 ) the intrinsic viscosity ([t|] (dl/g)) measured at 1 35°C in decalin and the melt flow rate (M FR (g/1 0 minutes)) 
measured under 2.16 kg load at 190°C satisfy the relations; 
ft] > 1 .85 x MFR-0-192 in the case of MFR < 1 , and 
[r\] > 1 .85 x MFR -0 - 213 in the case of MFR > 1 . 

20 

42. The ethylene (co)polymer (A5) according to any one of the claims 39 to 41 , wherein 

(v^) the number of the vinyl groups at the molecular terminals calculated by conversion to that per one 
molecular chain having the same molecular weight as the number average molecular weight is not lowerthan 0.50. 

25 43. The ethylene (co)polymer (A5) according to any one of the claims 39 to 42, wherein the ethylene (co)polymer is 
either an ethylene homopolymer or a (co)polymer of ethylene and an a-olefin of 4 to 20 carbon atoms and contains 
methyl branches measured by 13 C-NMR less than 0.1 in number per 1 ,000 of carbon atoms. 

44. The ethylene (co)polymer composition (C1-1) comprising an ethylene (co)polymer (A1) according to any one of 
30 the claims 1 to 12 and another un-modified polymer (B1). 

45. The ethylene (co)polymer composition (C1-1) according to claim 44, wherein said another polymer (B1) is an 
ethylene (co)polymer (B1 -1) other than an ethylene (co)polymer (A1 ) according to any one of the claims 1 to 12. 

S3 46. The ethylene (co)polymer composition (C2-1) comprising an ethylene (co)polymer (A2) according to any one of 
the claims 13 to 28 and another un-modified polymer (B2). 

47. The ethylene (co)polymer composition (C2-1) according to claim 46, wherein said another polymer (B2) is an 
ethylene (co)polymer (B2-1) other than an ethylene (co)polymer (A2) according to any one of the claims 13 to 28. 

40 

48. The ethylene (co)polymer composition (C3-1) comprising an ethylene (co)polymer (A3) according to any one of 
the claims 29 to 33 and another un-modlfied polymer (B3). 

49. The ethylene (co)polymer composition (C3-1) according to claim 48, wherein said another polymer (B3) is an 
45 ethylene (co)polymer (B3-1) other than an ethylene (co)polymer (A3) according to any one of the claims 29 to 33. 

50. The ethylene (co)polymer composition (C4-1) comprising an ethylene (co)polymer (A4) according to any one of 
the claims 34 to 38 and another un-modified polymer (B4). 

so 51. The ethylene (co)polymer composition (C4-1) according to claim 50, wherein said another polymer (B4) is an 
ethylene (co)polymer (B4-1) other than an ethylene (co)polymer (A4) according to any one of the claims 34 to 38. 

52. The ethylene (co)polymer composition (C5-1) comprising an ethylene (co)polymer (A5) according to any one of 
the claims 39 to 43 and another un-modlfied polymer (B5). 

55 

53. The ethylene (co)polymer composition (C5-1) according to claim 52, wherein said another polymer (B5) is an 
ethylene (co)polymer (B5-1 ) other than an ethylene (co)polymer (A5) according to any one of the claims 39 to 43. 
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54. The molded product made of an ethylene (co)polymer according to any one of the claims 1 to 43. 

55. The molded product made of an ethylene (co)polymer composition according to any one of the claims 44 to 53. 

5 56. The molded product according to claims 54 and 55, wherein the product Is either one of a blow molded product, 
an inflation molded product, a cast molded product, an extrusion lamination molded product, an extrusion molded 
product, a foam molded product, and an injection molded product. 

57. The molded product according to claim 56, wherein the product is a pipe. 

w 

58. The graft-modified ethylene (co)polymer (A1-1) comprising an ethylene {copolymer (A1 ) according to any one of 
the claims 1 to 12, wherein polar group-containing monomer is graft-modified. 

59. The graft-modified ethylene (co)polymer (A2-1) comprising an ethylene (co)polymer (A2) according to any one of 
15 the claims 13 to 28, wherein polar group-containing monomer is graft-modified. 

60. The graft-modified ethylene (co)polymer (A3-1) comprising an ethylene (co)polymer (A3) according to any one of 
the claims 29 to 33, wherein polar group-containing monomer is graft-modified. 

20 61 . The graft-modified ethylene (co)polymer (A4-1 ) comprising an ethylene (co)polymer (A4) according to any one of 
the claims 34 to 38, wherein polar group-containing monomer is graft-modified. 

62. The graft-modified ethylene (co)polymer (A5-1) comprising an ethylene (co)polymer (A5) according to any one of 
the claims 39 to 43, wherein polar group-containing monomer is graft-modified. 

25 

63. The graft-modified ethylene (co)polymer composition (C1 -2) comprising graft-modified ethylene (co)polymer (A1 -1 ) 
claimed in claim 58 and another un-modified polymer (D1). 

64. The ethylene (co)polymer composition (C1-2) according to claim 63, wherein said another polymer (D1) is an 
30 ethylene (co)polymer (D1-1). 

65. The graft-modified ethylene (co)polymer composition (C2-2) comprising graft-modified ethylene (co)polymer (A2-1 ) 
claimed in claim 59 and another un-modlfied polymer (D2). 

35 66. The ethylene (co)polymer composition (C2-2) according to claim 65, wherein said another polymer (D2) is an 
ethylene (co)polymer (D2-1). 

67. The graft-modified ethylene (co)polymer composition (C3-2) comprising graft-modified ethylene (co)polymer (A3-1 ) 
claimed in claim 60 and another un-modified polymer (D3), 

40 

68. The ethylene (co)polymer composition (C3-2) according to claim 67, wherein said another polymer (D3) is an 
ethylene (co)poiymer (D3-1). 

69. The graft-modified ethylene (co)polymer composition (C4-2) comprising graft-modified ethylene (co)polymer (A4-1 ) 
45 claimed in claim 61 and another un-modified polymer (D4). 

70. The ethylene (co)polymer composition (C4-2) according to claim 69, wherein said another polymer (D4) is an 
ethylene (co)polymer (D4-1). 

so 71 . The graft-modified ethylene (co)polymer composition (C5-2) comprising graft-modified ethylene (co)polymer (A5-1 ) 
claimed in claim 62 and another un-modified polymer (D5). 

72. The ethylene (co)polymer composition (C5-2) according to claim 71 , wherein said another polymer (D5) is an 
ethylene (co)poiymer (D5-1). 

55 

73. The ethylene (co)polymer composition (C1-3) comprising an ethylene (co)polymer (A1) according to any one of 
the claims 1 to 12 and a graft-modified ethylene (co)polymer (E1 ). 
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74. The ethylene (co)polymer composition (C2-3) comprising an ethylene (co)polymer (A2) according to any one of 
the claims 13 to 28 and a graft-modified ethylene (co)polymer (E2). 

75. The ethylene (co)polymer composition (C3-3) comprising an ethylene (co)polymer (A3) according to any one of 
the claims 29 to 33 and a graft-modified ethylene (co)polymer (E3). 

76. The ethylene (co)polymer composition (C4-3) comprising an ethylene (co)poiymer (A4) according to any one of 
the claims 34 to 38 and a graft-modified ethylene (co)polymer (E4). 

77. The ethylene (co)polymer composition (C5-3) comprising an ethylene (co)polymer (A5) according to any one of 
the claims 39 to 43 and a graft-modified ethylene (co)polymer (E5). 
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